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Part Numbering System 

HPD72001 L Typical microdevice part number 

nP NEC monolithic silicon integrated circuit 

D Device type (D = digital MOS) 

72001 Device identifier (alphanumeric) 

L Package type (L = PLCC) 

A part number may include an alphanumeric suffix 
that identifies special device characteristics; for 
example, )uPD72001L-11 has an 11-MHz CPU clock 
rating. 
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Single-Chip Microcomputers 



4-Bit, Single-Chip CMOS Microcomputers; 75xx Series 


Device 
d»PD) 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM (X8) 


RAM (X4) 


I/O 


Package t 


Pins 


7502/7502A 


LCD controller/driver 


0.41 


2.5 to 6.0 


2K 


128 


23 


QFP 


64 


7503/7503A 


LCD controller/driver 


0.41 


2.5 to 6.0 


4K 


224 


23 


QFP 


64 


7507 


General-purpose 


0.41 


2.5 to 6.0 


2K 


128 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


7507B 


General-purpose 


0.5 


2.2 to 6.0 


2K 


128 


32 


SDIP 
QFP 


40 
44 


7507H 


General-purpose 


4.19 


2.7 to 6.0 


2K 


128 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


7508 


General-purpose 


0.41 


2.5 to 6.0 


4K 


224 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


7508B 


General-purpose 


0.5 


2.2 to 6.0 


4K 


224 


32 


SDIP 
QFP 


40 
44 


7508H 


General-purpose 


4.19 


2.7 to 6.0 


4K 


224 


32 


DIP 

SDIP 

QFP 


40 
40 
52 


75CG08 


Piggyback EPROM 


0.41 


4.5 to 5.5 


2Kor4K 


224 


32 


Ceramic DIP 


40 


75CG08H 


Piggyback EPROM 


4.19 


4.5 to 5.5 


2K or 4K 


224 


32 


Ceramic DIP 


40 


7527A 


FIP controller/driver 


0.61 


2.7 to 6.0 


2K 


128 


35 


DIP 
SDIP 


42 
42 


7528A 


FIP controller/driver 


0.61 


2.7 to 6.0 


4K 


160 


35 


DIP 
SDIP 


42 
42 


75CG28 


Piggyback EPROM; FIP 
controller/driver 


0.5 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


7533 


A/D converter 


0.51 


2.7 to 6.0 


4K 


160 


30 


DIP 

SDIP 

QFP 


42 
42 
44 


75CG33 


Piggyback EPROM; A/D 
converter 


0.51 


4.5 to 5.5 


4K 


160 


30 


Ceramic DIP 


42 


7537A 


FIP controller/driver 


0.61 


2.7 to 6.0 


2K 


128 


35 


DIP 
SDIP 


42 
42 


7538A 


FIP controller/driver 


0.61 


2.7 to 6.0 


4K 


160 


35 


DIP 
SDIP 


42 
42 


75CG38 


Piggyback EPROM; FIP 
controller/driver 


0.5 


4.5 to 5.5 


4K 


160 


35 


Ceramic DIP 


42 


7554 


Serial I/O; external 
clock or RC oscillator 


0.71 


2.5 to 6.0 


IK 


64 


16 


SDIP 
SOP 


20 
20 


7554A 


Serial I/O; external 
clock or RC oscillator 


0.71 


2.0 to 6.0 


1K 


64 


16 


SDIP 
SOP 


20 

20 


75P54 


Serial I/O; external 
clock or RC oscillator 


0.71 


4.5 to 6.0 


1KOTPROM 


64 


16 


SDIP 
SOP 


20 
20 



t Plastic unless ceramic (or cerdip) is specified. 
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Sing le-Ch ip M icrocomputer s 



4-Bit, 


Single-Chip CMOS Microcomputers; 75xx Series 






■' : .,' : .,:, 


,«.. 


Device 
(fiPD) 




• Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM>(X8)r 


RAM (X4) 


I/O 


, Package t 


Pins 


7564/7564A 


Serial I/O; ceramic 
oscillator 


0.71 


2.7 to 6.0 


1K 


. 64 


15 


SPIP 
SOP 


20 
20 


75P64 




Serial I/O; ceramic 
oscillator 


0.71 


4.5 to 6.0 


1K OTPROM 


64 " 


15 


SDIP 
SOP 


20 

20 Vi 


7556 




Comparator; external 
clqck or RC oscillator 


0.71 


2.5 to 6.0 


1K 


64 


20 


SDIP 
SOP 


24 
24 


7556A 




Comparator; external 
clock or RC oscillator 


0.71 


2.0 to 6.0 


1K 


64 


20 


SDIP 
SOP 


24 
24 


75P56 




Comparator; external 
clock or RC oscillator 


0.71 


4.5 to 6.0 


1KOTPROM 


64 


20 


SDIP 
SOP 


24 
24 


7566/7566A 


Comparator; ceramic 
oscillator 


0.71 


2.7 to 6.0 


1K 


64 


19 


SDIP 
SOP 


24 
24 


75P66 




Comparator; ceramic 
oscillator 


0.71. 


4.5 to 6.0 


1K OTPROM 


64 . 


19 


SDIP 
SOP,. 


24 
24 



t Plastic unless ceramic (or cerdip) is specified. 

4-Bit, Single-Chip CMOS Microcomputers; 75xxx Series 



Device (jiPD) 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


R0M(X8) 


RAM (X4) 


I/O 


Package f 


Pins 


75004 


General-purpose 


4.19 


2.7 to 6.0 


4K 


512 


34 


SDIP 
QFP : 


42 
44 


75006 


General-purpose 


4.19 


2.7 to 6.0 


6K 


512 


34 


-SDIP 
QFP 


42 
44 " 


75008 


General-purpose 


4.19 


2.7 to 6.0 


8K 


512 


34 


SDIP 
QFP 


42 
44 


75P008 


General-purpose; on- 
chip OTPROM 


4.19 


4.5 to 5.5 


8K OTPROM 


512 


34 


SDIP 
QFP 


42 
44 


75028 


A/D converter 


4.19 


2.7 to 6.0 


8K 


512 


48 


SDIP 
QFP 


64 
64 


75P036 


A/D converter; on-chip 
OTPROM 


4.19 


2.7 to 6.0 


16K OTPROM 


1024 


48 


SDIP 
QFP* 


64 
64 


75048 


A/D converter; 1 K x 4 
EEPROM 


4.19 


2.7 to 6.0 


8K 


512 


48 


SDIP 
QFP 


64 
64 



75P056* A/D converter; 1Kx 4 4.19 2.7 to 6.0 

EEPROM; on-chip 

OTPROM 
* Under development; consult your NEC Sales Office for availability. 



16K OTPROM 



1024 48 SDIP 

QFP 



64 
64 



75104 


High-end witti 8-bit 
instruction 


4.19 


2.7 to 6.0 


4K 


320 


: ' .": "■' 52 ; 


SDIP 
QFP 


64 
64 


75104A 


High-end with 8-bit 
instruction 


4.19 


2.7 to 6.0 


4K ' 


320 


52 


QFP 


64 


75106 


High-end with 8-bit 
instruction 


4.19 


2.7 to 6.0 


6K 


320 


52 


SDIP 
QFP 


64 
64 


75108 


High-end with 8-bit 
instruction 


4.19 


2.7 to 6.0 


8K 


512 


52 


SDIP 
QFP 


64 
64 


75108A 


High-end with 8-bit 
instruction 


4.19 


2.7 to 6.0 


8K 


512 


52 


QFP 


64 
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Single-Ch ip Microcomputers 



75P218 



4-Bit, Single-Chip CMOS Microcomputers; 75xxx Series (cont) 


Device (pPD) 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM(X8) 


RAM (X4) 


I/O 


Package f 


Pins 


75P108 


High-end with 8-bit 
instruction; on-chip 
OTPROM or UVEPROM 


4.19 


4.5 to 5.5 


8K OTPROM 


512 


52 


SDIP 
QFP. 


64 
64 




8K UVEPROM 


512 


52 


Shrink cerdip 


64 


75P108B 


High-end with 8-bit 
instruction; on-chip 
OTPROM 


4.19 


2.7 to 6.0 


8K OTPROM 


512 


52 


SDIP 
QFP 


64 
64 


75112 


High-end with 8-bit 
instruction 


4.19 


2.7 to 6.0 


12K 


512 


52 


SDIP 
QFP 


64 
64 


75116 


High-end with 8-bit 
instruction 


4.19 


2.7 to 6.0 


16K 


512 


52 


SDIP 
QFP 


64 
64 


75P116 


High-end with 8-bit 
instruction; on-chip 
OTPROM 


4.19 


4.5 to 5.5 


16K OTPROM 


512 


52 


SDIP 
QFP 


64 
64 


75206 


FIP controller/driver 


4.19 


2.7 to 6.0 


6K 


369 


28 


SDIP 
QFP 


64 
64 


75208 


FIP controller/driver 


4.19 


2.7 to 6.0 


8K 


497 


28 


SDIP 
QFP 


64 
64 


75CG208 


FIP controller/driver; 
piggyback EPROM 


4.19 


4.5 to 5.5 


8K 


512 


28 


Ceramic SDIP 
Ceramic QFP 


64 
64 


7521 2A 


FIP controller/driver 


4.19 


2.7 to 6.0 


12K 


512 


28 


SDIP 
QFP 


64 
64 


75216A 


FIP controller/driver; 
on-chip OTPROM 


.4.19 


2.7 to 6.0 


16K 


512 


28 


SDIP 
QFP 


64 
64 


75CG216A 


FIP controller/driver; 
piggyback EPROM 


4.19 


4.5 to 5.5 


16K 


512 


28 


Ceramic SDIP 
Ceramic QFP 


64 
64 


75P216A 


FIP controller/driver; 
on-chip OTPROM 


4.19 


4.5 to 5.5 


16K OTPROM 


512 


28 


SDIP 


64 


75217 


FIP controller/driver 


4.19 


2.7 to 6.0 


24K 


768 


28 


SDIP 
QFP 


64 
64 



FIP controller/driver; 
on-chip OTPROM or 
UVEPROM 



4.19 



2.7 to 6.0 



32K OTPROM 



1024 



32K UVEPROM 



1024 



28 SDIP 
QFP 



28 Ceramic LCC 



64 
64 



64 



75268 


FIP controller/driver 


4.19 


2.7 to 6.0 


8K 


512 


28 


SDIP 
QFP 


64 
64 


75304 


LCD controller/driver 


4.19 


2.7 to 6.0 


4K 


512 


32 


QFP 


80 


75306 


LCD controller/driver 


4.19 


2.7 to 6.0 


6K 


512 


32 


QFP 


80 


753Q8 


LCD controller/driver 


4.19 


2.7 to 6.0 


8K 


512 


32 


QFP 


80 


75P308 


LCD controller/driver; 
on-chip OTPROM or 
UVEPROM 


4.19 


4.75 to 5.25 


8K OTPROM 


512 


32 


QFP 


80 




8K UVEPROM 


512 


32 


Ceramic LCC 


80 


75312 


LCD controller/driver 


■ 4.19 


2.7 to 6.0 


12K 


512 


32 


QFP 


80 


75316 


LCD controller/driver 


4.19 . 


2.7 to 6.0 


16K 


512 


32 


QFP 


80 


75P316 


LCD controller/driver; 
on-chip OTPROM 


4.19 


4.75 "to 5.25 


16K OTPROM 


512 


32 


QFP 


80 


75P316A 


LCD controller/driver; 
on-chip OTPROM or 
UVEPROM 


4.19 


2.7 to 6.0 


16K OTPROM 


512 


32 


QFP 


80 




16K UVEPROM 


512 


32 


Ceramic LCC 


80 
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4-Bit, Single-Chip CMOS Microcomputers; 75xxx Series (cont) 


Device (pPD) 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM (X8) 


RAM (X4) 


I/O 


Package t 


Pins 


75328 


LCD controller/driver; 
A/D converter 


4.19 


2.7 to 6.0 


8K 


512 


36 


QFP 


80 


75P328 


LCD controller/driver; 
A/D converter; on-chip 
OTPROM 


4.19 


4.5 to 5.5 


8K OTPROM 


512 


36 


QFP 


80 


75402A 


Low-end 


4.19 


2.7 to 6.0 


2K 


64 


22 


DIP 

SDIP 

QFP 


28 
28 
44 


75P402 


Low-end; on-chip 
OTPROM 


4.19 


4.5 to 5.5 


2K OTPROM 


64 


22 


DIP 

SDIP 

QFP 


28 
28 
44 


75512 


High-end; A/D 
converter 


4.19 


2.7 to 6.0 


12K 


512 


64 


QFP 


80 


75516 


High-end; A/D 
converter 


4.19 


2.7 to 6.0 


16K 


512 


64 


QFP 


80 


75P516 


High-end; A/D 
converter; on-chip 
OTPROM or UVEPROM 


4.19 


4.75 to 5.5 


16K OTPROM 


512 


64 


QFP 


80 




16K UVEPROM 


512 


64 


Ceramic LCC 


80 


t Plastic unless ceramic (or cerdip) is specified. 

8-Bit, Single-Chip CMOS Microcomputers; 78xx Series 


Device (pPD) 


Features 


Clock 
(MHz) 


Supply 
Voltage (V) 


ROM (X8) 


RAM (X4) 


I/O 


Package t 


Pins 


78C10/78C10A 


CMOS; A/D converter 


15 


4.5 to 5.5 


External 


256 


32 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 


78C11/78C11A 


CMOS; A/D converter 


15 


4.5 to 5.5 


4K 


256 


40 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 


78C12A 


CMOS; A/D converter 


15 


4.5 to 5.5 


8K 


256 


40 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 


78C14/78C14A 


CMOS; A/D converter 


15 


4.5 to 5.5 


16K 


256 


40 


QUIP 
SDIP 
QFP 
PLCC 


64 
64 
64 
68 



78CP14 CMOS; A/D converter; 15 

on-chip OTPROM or 
UVEPROM 



4.75 to 5.25 16K OTPROM 



256 



40 


QUIP 


64 




SDIP 


64 




QFP 


64 




PLCC 


68 











16K UVEPROM 


256 


40 


Ceramic QUIP 
Shrink cerdip 


64 
64 


78CG14 


CMOS; A/D converter; 
piggyback EPROM 


15 


4.5 to 5.5 


4K, 8K, or 16K 


256 


40 


Ceramic QUIP 


64 


78C17 


CMOS; A/D converter 


15 


4.5 to 5.5 


External 


1024 


40 


QUIP 
SDIP 
QFP 


64 
64 
64 



1-6 



NEC 



Single-Chip Microcomputers 



8-Bit, Single-Chip CMOS Microcomputers; 78xx Series (cont) 


Clock Supply 
Device (pPD) Features (MHz) Voltage (V) ROM (X8) 


RAM (X4) 


I/O 


Package t 


Pins 


78C18 CMOS; A/D converter 15 4.5 to 5.5 32K 


1024 


40 


QUIP 
SDIP 
QFP 


64 
64 
64 



78CP18 CMOS; A/D converter; 

on-chip OTPROM or 
UVEPROM 



15 



4.75 to 5.25 



32K OTPROM 



1024 



40 



QUIP 


64 


SDIP 


64 


QFP 


64 



32K UVEPROM 


1024 


40 


Ceramic LCC 


64 


t Plastic unless ceramic (or cerdip) is specified. 

8-Bit, Single-Chip CMOS Microcomputers; 782xx (K2) Series 


Clock Supply 
Device (pPD) Features (MHz) Voltage (V) ROM (X8) 


RAM (X4) 


I/O 


Package t 


Pins 



78212 



CMOS; A/D converter; 
advanced peripherals 



12 



4.5 to 5.5 



8K 



384 



54 



SDIP 
QUIP 
QFP 
QFP 
PLCC 



64 
64 
64 
74 
68 



78213 



CMOS; A/D converter; 12 4.5 to 5.5 

advanced peripherals 



External 



512 



54 



SDIP 
QUIP 
QFP 
QFP 
PLCC 



64 
64 
64 
74 
68 



78214 



CMOS; A/D converter; 
advanced peripherals 



12 



4.5 to 5.5 



16K 



512 



54 



SDIP 
QUIP 
QFP 
QFP 
PLCC 



64 
64 
64 
74 
68 



78P214 



CMOS; A/D converter; 
advanced peripherals 



12 



4.5 to 5.5 



16K OTPROM 



512 



54 SDIP 
QUIP 
QFP 
QFP 
PLCC 



64 
64 
64 
74 
68 











16K UVEPROM 


512 


54 


Shrink cerdip 


64 


78220 


CMOS; analog 
comparator; large I/O 


12 


4.5 to 5.5 


External 


640 


71 


PLCC 
QFP 


84 
94 


78224 


CMOS; analog 
comparator; large I/O 


12 


4.5 to 5.5 


16K 


640 


71 


PLCC 
QFP 


84 
94 


78P224 


CMOS; analog 
comparator; large I/O 


12 


4.5 to 5.5 


16K OTPROM 


640 


71 


PLCC 
QFP 


84 
94 


78233 


CMOS; real-time 
outputs; A/D and D/A 
converters 


12 


4.5 to 5.5 


External 


640 


64 


QFP 
QFP 
PLCC 


80 
94 
84 


78234 


CMQS; real-time 
outputs; A/D and D/A 
converters 


12 


4.5 to 5.5 


16K 


640 


64 


QFP 
QFP 
PLCC 


80 
94 
84 


78237 


CMOS; real-time 
outputs; A/D and D/A 
converters 


12 


4.5 to 5.5 


External 


1024 


64 


QFP 
QFP 
PLCC 


80 
94 
84 
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Single-Chip Microcomputers 



8 -Bit, Single-Chip CMOS Microcomputers; 782xx (K2) Series (cont) 


Clock Supply 
Device (pPD) Features (MHz) Voltage (V) ROM (X8) RAM (X4) 


I/O 


Package t 


Pins 


78238 CMOS; real-time 12 4.5 to 5.5 32K 1024 
outputs; A/D and D/A 
converters 


64 


QFP 
QFP 
PLCC 


80 
94 
84 



78P238 



CMOS; real-time 
outputs; A/D and D/A 
converters 



12 



4.5 to 5.5 



32K OTPROM 



1024 



64 



QFP 


80 


QFP 


94 


PLCC 


84 



32K UVEPROM 


1024 


64 


Ceramic LCC 


94 


78243 CMOS; A/D converter; 12 4.5 to 5.5 External 
EEPROM 




512 
512 
EEPROM 


54 


SDIP 
QFP 
PLCC 


64 
64 
68 


78244 CMOS; A/D converter; 12 4.5 to 5.5 16K 
EEPROM 




512 
512 
EEPROM 


54 


SDIP 
QFP 
PLCC 


64 
64 
68 


t Plastic unless ceramic (or cerdip) is specified. 

8/16-Bit, Single-Chip CMOS Microcomputers; 783xx (K3) 


Series 










Device Clock Supply 

(fiPD) Features (MHz) Voltage (V) ROM < 


X8) 


RAM (X4) 


I/O 


Package t 


Pins 



78310A 



Real-time motor control 12 4.5 to 5.5 External 



256 



48 



SDIP 
QUIP 
QFP 
PLCC 



64 
64 
64 
68 



78312A Real-time motor control 12 4.5 to 5.5 8K 



256 48 



SDIP 
QUIP 
QFP 
PLCC 



64 
64 
64 
68 



78P312A Real-time motor control 12 4.5 to 5.5 8K UVEPROM 256 48 



78P322 



Shrink cerdip 
Ceramic QUIP 



8K OTPROM 256 48 



SDIP 
QUIP 
QFP 
PLCC 



High-end; advanced 
analog and digital 
peripherals 



16 



4.5 to 5.5 



16K OTPROM 640 



55 



QFP 
PLCC 



16K UVEPROM 640 



55 



Ceramic LCC 
Ceramic LCC 



64 
64 



64 
64 
64 
68 



78320 


High-end; advanced 
analog and digital 
peripherals 


16 


4.5 to 5.5 


External 


640 


55 


QFP 
PLCC 


74 
68 


78322 


High-end; advanced 
analog and digital 
peripherals 


16 


4.5 to 5.5 


16K 


640 


55 


QFP 
PLCC 


74 
68 



74 
68 



68 
74 



78330 


CMOS; real-time pulse 
unit 


16 


4.5 to 5.5 


External 


768 


70 


QFP 
PLCC 


94 
84 


78334 


CMOS; real-time pulse 
unit 


16 


4.5 to 5.5 


32K 


768 


70 


QFP 
PLCC 


94 
84 


78P334 


CMOS; real-time pulse 
unit 


16 


4.5 to 5.5 


32K OTPROM 


768 


70 


QFP 
PLCC 


94 
84 




32K UVEPROM 


768 


70 


Ceramic LCC 


84 
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V-Series and RISC Microprocessors and Peripherals 



V-Series CMOS Microprocessors 



Device, 
fiPD 



Features 



Data Bits 



Clock (MHz) 



Package t 



Pins 



70108 (V20) 



8088 compatible; enhanced 



8/16 



8 or 10 



DIP 


40 


Ceramic DIP 


40 


QFP 


52 


PLCC 


44 



701 08H (V20H) 



Fully static; pin compatible with 80C88 
enhanced microprocessor 



8/16 



10, 12, 16 



DIP 
QFP 
PLCC 



40 
52 
44 



70116 (V30) 



8086 compatible; enhanced 



16 



8 or 10 



t Plastic unless ceramic (or cerdip) is specified. 



DIP 


40 


Ceramic DIP 


40 


QFP 


52 


PLCC 


44 



701 16H (V30H) 


Fully static; pin compatible with 80C86 
enhanced microprocessor 


16 


10, 12, 16 


DIP 
QFP 
PLCC 


40 
52 
44 


70208 (V40) 


MS-DOS, V20 compatible CPU with peripherals 


8/16 


8 or 10 


Ceramic PGA 

PLCC 

QFP 


68 
68 
80 


70208H (V40H) 


Fully static; low power; 80C88 compatible CPU 
plus peripherals 


8/16 


10, 12, 16 


Ceramic PGA 

PLCC 

QFP 


68 
68 
80 


70216 (V50) 


MS-DOS, V30 compatible CPU with peripherals 


16/16 


8 or 10 


PGA 

PLCC 

QFP 


68 
68 
80 


70216H (V50H) 


Fully static; low power; 80C88 compatible CPU 
plus peripherals 


16 


10, 12, 16 


Ceramic PGA 

PLCC 

QFP 


68 
68 
80 


70136 (V33) 


Hardwired, enhanced V30 


8 and 16 
dynamic 


12 or 16 


PGA 
PLCC 


68 
68 


70236 (V53) 


V33 core-based; high-integration; DMA, serial 
I/O, interrupt controller, etc. 


8 and 16 
dynamic 


10, 12, 16 


Ceramic PGA 
QFP 


132 

120 


70320 (V25) 


MS-DOS compatible microcontroller; high- 
integration; DMA, serial I/O, interrupt controller, 
etc. 


8/16 


5 or 8 


PLCC 
QFP 


84 
94 


70330 (V35) 


MS-DOS compatible microcontroller; high- 
integration; DMA, serial I/O, interrupt controller, 
etc. 


16 


8 


PLCC 
QFP 


84 
94 


70325 (V25 Plus) 


MS-DOS compatible microcontroller; high- 
integration; high-speed DMA 


8/16 


8 or 10 


PLCC 
QFP 


84 
94 


70335 (V35 Plus) 


MS-DOS compatible microcontroller; high- 
integration; high-speed DMA 


16 


8 or 10 


PLCC 
QFP 


84 
94 


70327 (V25 
Software Guard) 


MS-DOS compatible microcontroller; high- 
integration; software protection 


8/16 


8 


PLCC 
QFP 


84 
94 


70337 (V35 
Software Guard) 


MS-DOS compatible microcontroller; high- 
integration; software protection 


16 


8 


PLCC 
QFP 


84 
94 


70423 (V55 SC) 


V25 upward-compatible, high-integration 
microcontroller with full synchronous serial 
support and buffer management 


8 and 16 
dynamic 


12.5 


Ceramic PGA 

PPGA 

QFP 


132 
132 
120 



1-9 



V-Series and RISC Microprocessors and Peripherals 



NEC 



V-Series CMOS System Support Products 


Device, 
fiPD 


Features 


Data Bits 


Clock (MHz) 


Package t 


Pins 


71011 


Clock Pulse Generator/Driver 


— 


20 


DIP 
SOP 


18 
20 


71037 


Programmable DMA Controller 


8 


10 


DIP 
QFP 
PLCC 


40 
40 
44 


71051 


Serial Control Unit 


8 


8/10 


DIP 
QFP 
PLCC 


28 
44 
28 


71054 


Programmable Timer/Controller 


8 


8/10 


DIP 

QFP 

PLCC 


24 
44 
28 


71055 


Parallel Interface Unit 


8 


8/10 


DIP 
QFP 
PLCC 


40 
44 
44 


71059 


Interrupt Control Unit 


8 


8/10 


DIP 
QFP 
PLCC 


28 
44 
28 


71071 


DMA Controller 


8/16 


8/10 


DIP 

Ceramic DIP 
QFP 
PLCC 


48 
48 
52 
52 


71082 


Transparent Latch 


8 


8 


DIP 
SOP 


20 
20 


71083 


Transparent Latch 


8 


8 


DIP 
SOP 


20 
20 


71084 


Clock Pulse Generator/Driver 


— 


25 


DIP 
SOP 


18 
20 


71086 


Bus Buffer/Driver 


8 


8 


DIP 
SOP 


18 
20 


71087 


Bus Buffer/Driver 


8 


8 


DIP 
SOP 


20 
20 


71088 


System Bus Controller 


— 


8/10 


DIP 
SOP 


20 
20 


71101 


Complex Peripheral Unit; serial, parallel, timer, 
interrupt 


8 


10 


QFP 


120 


71641 


Cache Memory Controller 


8/16/32 


25 


PGA 


132 


72291 


Floating Point Coprocessor for V33/V53 


16 


16 


PGA 


68 


9335 


Numeric Interface Adapter for V40/V50 ** i8087 


- 


8 


DIP 


20 


t Plastic unless ceramic (or cerdip) is specified. 

RISC Microprocessors and Peripherals 


Device 


Name 


Clock 




Package 


Pins 


pPD30310 (V R 3000A) RISC Microprocessor 


25, 33, 40 MHz 




PGA 


175 


/JPD30311 (V R 3010A) Floating-Point Processor 


25, 33, 40 MHz 




PGA 


84 


/iPD31311 


Bus Interface Unit 


25, 33 MHz 




PGA 


208 


pPD46710 


16Kx10-Bitx2SRAM 


Access time: 12, 


15 20 ns 


PLCC 


52 


//PD46741 


8Kx 20-Bit x 2 SRAM 


Access time: 12, 


15, 20 ns 


PLCC 


68 


/iPD30360 (V R 3600) RISC Microprocessor 


25, 33 MHz 




PGA 


189 



1-10 



NEC 



Intelligent Peripheral Devices (IPD) 



Communications Controllers 


Device, 

pPD Name 


Description 


Maximum 
Data Rate 


Package t 


Pins 


7201A Multiprotocol Serial 
Communications 
Controller 


Dual full-duplex serial channels; four DMA 
channels; programmable interrupt vectors; 
asychronous COP and BOP support; NMOS 


1 Mb/s 


DIP 


40 



72001-11 CMOS, Advanced Functional superset of 8530; 8086/V30 

Multiprotocol Serial interface; two full-duplex serial channels; two 

Communications DPLLs; two baud-rate generators per channel; 

Controller loopback test mode; short frame and mark idle 

detection; 12.5-MHz max clock 



2.5 Mb/s 



DIP 


40 


QFP 


52 


PLCC 


52 


DIP 


40 


QFP 


44 


PLCC 


44 



72002 



CMOS, Advanced 
Multiprotocol Serial 
Communications 
Controller 



Low-cost, single-channel version of 72001 ; 
software compatible; direct interface to 71071/ 
8237 DMA controllers; 12.5-MHz max clock 



2.5 Mb/s 



72103 CMOS, HDLC Controller 


Single full-duplex serial channel; on-chip DMA 
controller 


4 Mb/s 


SDIP 

PLCC 

QFP 


64 
68 
80 


Graphics Controllers 


Device, 

juPD Name 


Description 


Maximum 
Drawing Rate 


Package f 


Pins 



7220A High-Performance General-purpose, high-integration controller; 

Graphics Display hardwired support for lines, arc/circles, 

Controller rectangles, and graphics characters; 1024x1024 

pixel display with four planes 



500 ns/dot 



Ceramic DIP 



40 



72020 Graphics Display CMOS 7220A with 2M video memory; dual-port 

Controller RAM control; write-masking on any bit; 

enhanced external sync 



500 ns/dot 



DIP 
QFP 



40 
52 



72120 Advanced Graphics High-speed graphics operations including paint, 

Display Controller area fill, slant, arbitrary angle rotate, up to 16x 

enlargement and reduction; dual-port RAM 
control; CMOS 



500 ns/dot 



PLCC 
QFP 



84 
94 



72123 Advanced Graphics Enhanced 72120; expanded command set; 

Display Controller II improved painting performance; laser printer 
interface controls; CMOS 


400 ns/dot 


PLCC 
QFP 


84 
94 


Advanced Compression/Expansion Engine 


Device, 

jiPD Name Description 




Package t 


Pins 



72185 



Advanced Compression/ 
Expansion Engine 



High-speed CCITT Group 3/4 bit-map image compression/expansion SDIP 64 

(A4 test chart, 400 PPI x 400 LPI in under 1 second); 32K-pixel line PLCC 68 

length; 32-megabyte image memory; on-chip DMA and refresh timing QFP 80 
generator; CMOS 



t Plastic unless ceramic (or cerdip) is specified. 
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Intelligent Peripheral Devices (IPD) 



NEC 



Floppy-Disk Controllers 



Device, 

pPD Name 



Description 



Maximum 

Transfer 

Rate 



Package t Pins 



765A/B Floppy-Disk Controller 



Industry-standard controller supporting IBM 
3740 and IBM System 34 double-density 
format; enhanced 765B supports multitasking 
applications 



500 kb/s 



DIP 



40 



71065/66 Floppy-Disk Interface 



Compatible with 765-family controllers and 
others; supports multiple data rates from 125 to 
500 kb/s 



500 kb/s 



SOP 
SDIP 



28 
30 



72064 Floppy-Disk Controller 



CMOS. All features of 72068 with complete AT 
register set and 48-mA drivers. Pin compatible 
with WD 37C65/A/B but with higher 
performance DPLL and reliable multitasking 
operation 



500 kb/s 



PLCC 
QFP 



t Plastic unless ceramic (or cerdip) is specified. 



44 
52 



72065/65B 


CMOS Floppy-Disk Controller 100% 765A/B microcode compatible; 

compatible with 808x microprocessor families 


500 kb/s 




DIP 

PLCC 

QFP 




40 
44 
52 


72067 


Floppy-Disk Controller 


CMOS; 765A/B microcode compatible clock 
generation/switching circuitry; selectable write 
precompensation; digital phase-locked loop 


500 kb/s 




DIP 

PLCC 

QFP 




48 
52 
52 


72068 


Floppy-Disk Controller 


All features of the 72067 plus IBM-PC, PC/XT, 
PC/AT, or PS/2 style registers; high-current 
drivers 


600 kb/s 




QFP 
PLCC 




80 
84 


72069 


Floppy-Disk Controller 


All features of the 72067/68 with substitution of 
high-performance analog phase-locked loop for 
digital PLL 


1 Mb/s 




PLCC 
QFP 




84 
100 


Hard-Disk Controllers 


Device, 
fiPD 


Name 


Description 


Maximum 

Read/Write 

Clock 


Package t 


Pins 


7261 A/B 


Hard-Disk Controller 


Supports eight drives in SMD mode, four drives 
in ST506 mode; error correction and detection 


23 MHz 




Ceramic DIP 


40 




7262 


Enhanced Small-Disk 
Interface (ESDI) 
Controller 


Serial-mode ESDI compatible; controls up to 
seven drives; supports up to 80 heads; hard 
and soft-sector interfacing 


18 MHz 




Ceramic DIP 


40 




72061 


CMOS Hard-Disk 
Controller 


Supports SMD/SMD-E and ST506/412 type 
drives 


24 MHz 




DIP 
QFP 
PLCC 


40 
52 
52 




72111 


Small Computer System 
Interface (SCSI) 
Controller 


Selectable 8/16 data bus width; 16 high-level 
commands including multiphase commands for 
reduced CPU load; 5-Mb sync/async; CMOS 


16 MHz 




SDIP 

PLCC 

QFP 


64 
68 
74 
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DSP and Speech Products 



Digital Signal Processors 



Device, 

pPD Description 



Instruction 
Cycle (ns) 



Instruction Data ROM 
ROM (Bits) (Bits) 



Data RAM 
(Bits) 



Package t Pins 



77C20A 16-bit, fixed-point DSP; CMOS 



244 



512 x 23 



510 x 13 



128x16 



DIP 
PLCC 
SOP 
PLCC 



28 
28 
32 
44 



77P20 16-bit, fixed-point DSP; CMOS 



244 



512 x 23 
UVEPROM 



510 x 13 
UVEPROM 



128x16 Cerdip 



28 



77C25 16-bit, fixed-point DSP; CMOS 



122/100 



2048 x 24 



1024x16 256x16 



DIP 
PLCC 
SOP 
PLCC 



28 
28 
32 
44 



77P25 16-bit, fixed-point DSP; CMOS 



122/100 



2048 x 24 
OTPROM 



1024 x 16 
OTPROM 



256 x 16 



DIP 

SOP 

PLCC 



28 
32 
44 



2048 x 24 
UVEPROM 



1024 x 16 
UVEPROM 



256 x 16 



Cerdip 



28 



77220 


24-bit, fixed-point DSP; CMOS 


122/100 


2048 x 32 


1024 x 24 


512 x 24 


Ceramic PGA 
PLCC 


68 
68 


77P220L 


24-bit, fixed-point DSP; CMOS 


122/100 


2048 x 32 
OTPROM 


1024 x 24 
OTPROM 


512 x 24 


PLCC 


68 


77P220R 


24-bit, fixed-point DSP; CMOS 


122/100 


2048 x 32 
UVEPROM 


1024 x 24 
UVEPROM 


512 x 24 


Ceramic PGA 


68 


77230AR 


32-bit, floating-point DSP; CMOS 


150 


2048 x 32 


1024 x 32 


1024x32 


Ceramic PGA 


68 


77230AR-003 


32-bit, floating-point DSP; CMOS; 
standard library software 


150 


n/a 


n/a 


n/a 


Ceramic PGA 


68 


77P230R 


32-bit, floating-point DSP; CMOS 


150 


2048 x 32 
UVEPROM 


1024 x 32 
UVEPROM 


1024 x 32 


Ceramic PGA 


68 


77240 


32-bit, advanced, floating-point 
DSP; CMOS 


90 


64K x 32 
external 


n/a 


16M x32 
external 


PGA 


132 


77810 


16-bit fixed-point modem DSP; 
CMOS 


181 


2048 x 24 


1024 x 16 


256 x 16 


Ceramic PGA 
PLCC 


68 
68 


77811 


Analog front end for 2400-b/s full- 
duplex modem 


n/a 


n/a 


n/a 


n/a 


PLCC 


44 


77812 


2400-b/s full-duplex modem 
controller 


181 


n/a 


n/a 


256 x 16 


PLCC 
QFP 


68 
74 


7281 


Image pipelined processor; NMOS 


5-MHz clock 


n/a 


n/a 


512 x 18 


Ceramic DIP 


40 


72181 


Image pipelined processor; CMOS 


10-MHz clock 


n/a 


n/a 


512 x 18 


DIP 
QFP 


40 
68 


9305 


Support device for//PD7281 
processors; CMOS 


10-MHz clock 


n/a 


n/a 


n/a 


Ceramic PGA 


132 



t Plastic unless ceramic (or cerdip) is specified. 
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DSP and Speech Products 



NEC 



Speech Processors 


Device, 
fiPD 


Name 


Technology 


Bit Rate 
(kb/s) 


Data ROM 
(Bits) 


Package t 


Pins 


77C30 


ADPCM Speech Encoder/Decoder 


NMOS 


32 


— 


DIP 
PLCC 


28 
44 


7755 


ADPCM Speech Synthesizer 


CMOS 


16, 20, 24, 32 


96K 


DIP 
SOP 


18 
24 


7756 


ADPCM Speech Synthesizer 


CMOS 


16, 20, 24, 32 


256K 


DIP 
SOP 


18 
24 


77P56 


ADPCM Speech Synthesizer 


CMOS 


16, 20, 24, 32 


256K 
OTPROM 


DIP 
SOP 


20 
24 


7757 


ADPCM Speech Synthesizer 


CMOS 


16,20,24,32 


51 2K 


DIP 
SOP 


18 
24 


7759 


ADPCM Speech Synthesizer 


CMOS 


16,20,24,32 


1024K 
external RAM 


DIP 
QFP 


40 
52 


77501 


Speech Recording and Reproducing LSI 


CMOS 


12, 18, 24 


16M 
external RAM 


QFP 


80 



t Plastic unless ceramic (or cerdip) is specified. 
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Development Tools for Micro Products 



V-Series Microprocessors 


Device 
(Note 1) 


Full 
Emulator 


Full 

Emulator 

Probe 


Mini-IE 
Emulator 


Mini-IE 
Probe 


Evaluation EPROM 
Boards Device 


Relocatable 
Assembler 
(Note 13) 


C Compiler 
(Note 14) 


/;PD70136GJ- 
12 


IE-70136- 
A016 


EP-70136L-A 
(Note 2) 


IE-70136-PC 


EP-70136L-PC 
(Note 2) 


DDK-70136 — 


RA70136 


CC70136 


A/PD70136GJ- 
16 


IE-70136- 
A016 


EP-70136L-A 
(Note 2) 


IE-70136-PC 


EP-70136L-PC 
(Note 2) 


DDK-70136 — 


RA70136 


CC70136 


A/PD70136L-16 


IE-70136- 
A016 


EP-70136L-A 


IE-70136-PC 


EP-70136L-PC 


DDK-70136 — 


RA70136 


CC70136 


/JPD70136L-12 


IE-70136- 
A016 


EP-70136L-A 


IE-70136-PC 


EP-70136L-PC 


DDK-70136 — 


RA70136 


CC70136 


/iPD70136R-12 


IE-70136- 
A016 


EP-70136L-A 
(Note 3) 


IE-70136-PC 


EP-70136L-PC 
(Note 3) 


DDK-70136 — 


RA70136 


CC70136 


pPD70136R-16 


IE-70136- 
A016 


EP-70136L-A 
(Note 3) 


IE-70136-PC 


EP-70136L-PC 
(Note 3) 


DDK-70136 — 


RA70136 


CC70136 


/JPD70208GF- 
8 


IE-70208- 
A010 


(Note 12) 


EB-V40MINI- 
IE 


— 


EB-70208 — 


RA70116 


CC70116 


/L/PD70208GF- 
10 


IE-70208- 
A010 


(Note 12) 


EB-V40MINI- 
IE 


— 


EB-70208 — 


RA70116 


CC70116 


A/PD70208L-8 


IE-70208- 
A010 


IE-70000- 
2958 


EB-V40MINI- 
IE 


ADAPT68PGA 
68PLCC (Note 
4) 


EB-70208 — 


RA70116 


CC70116 


/iPD70208L-10 


IE-70208- 
A010 


IE-70000- 
2958 


EB-V40MINI- 
IE 


ADAPT68PGA 
68PLCC 
(Note 4) 


EB-70208 — 


RA70116 


CC70116 


A/PD70208R-8 


IE-70208- 
A010 


IE-70000- 
2959 


EB-V40MINI- 
IE 


(Note 4) 


EB-70208 — 


RA70116 


CC70116 


A/PD70208R-10 


IE-70208- 
A010 


IE-70000- 
2959 


EB-V40MINI- 
IE 


(Note 4) 


EB-70208 — 


RA70116 


CC70116 


J/PD70216GF- 
8 


IE-70216- 
A010 


EP-70320J 
(Note 12) 


EB-V50MINI- 
IE 


— 


EB70216 — 


RA70116 


CC70116 


/JPD70216GF- 
10 


IE-70216- 
A010 


EP-70320J 
(Note 12) 


EB-V50MINI- 
IE 


— 


EB70216 — 


RA70116 


CC70116 


A/PD70216L-8 


IE-70216- 
A010 


IE-70000- 
2958 


EB-V50MINI- 
IE 


ADAPT68PGA 
68PLCC (Note 
4) 


EB70216 — 


RA70116 


CC70116 


A/PD70216L-10 


IE-70216- 
A010 


IE-70000- 
2958 


EB-V50MINI- 
IE 


ADAPT68PGA 
68PLCC (Note 
4) 


EB70216 — 


RA70116 


CC70116 


A/PD70216R-8 


IE-70216- 
A010 


IE-70000- 
2959 


EB-V50MINI- 
IE 


(Note 4) 


EB70216 — 


RA70116 


CC70116 


A/PD70216R-10 


IE-70216- 
A010 


IE-70000- 
2959 


EB-V50MINI- 
IE 


(Note 4) 


EB70216 — 


RA70116 


CC70116 


A/PD70236GD- 
10 


IE-70236-BX 


EV-9500GD- 
120 
(Note 18) 






DDK-70236 — ' 


RA70136 


CC70136 


A/PD70236GD- 
12 


IE-70236-BX 


EV-9500GD- 
120 
(Note 18) 






DDK-70236 — 


RA70136 


CC70136 
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Device 
(Notel) 


Full 
Emulator 


Full 

Emulator 

Probe 


Mini-IE 
Emulator 


Mini-IE 
Probe 


Evaluation 
Boards 


EPROM 
Device 


Relocatable 
Assembler 
(Note 13) 


C Compiler 
(Note 14) 


/JPD70236GD- 
16 


IE-70236-BX 


EV-9500GD- 
120 
(Note 18) 


. -~~ 


" 


DDK-70236 


" 


RA70136 


CC70136 


A/PD70236R-10 


IE-70236-BX 


(Note 17) 


- 


- 


DDK-70236 


- 


RA70136 


CC70136 


/;PD70236R- 
12 


IE-70236-BX 


(Note 17) 


— 


. — 


DDK-70236 


:— . 


RA70136 


CC70136 


/iPD70236R-16 


IE-70236-BX 


(Note 17) 


— 


— 


DDK-70236 


- 


RA70136 


CC70136 


A/PD70320GJ 


IE-70320- 
A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70320 


— 


RA70320 


CC70116 


/JPD70320GJ- 
8 


IE-70320- 
A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70320 


— 


RA70320 


CC70116 


pPD70320L 


IE-70320- 
A008 


EP-70320L 


EB-V25MINI- 
IE-P 


(Note 7) 


DDK-70320 


— 


RA70320 


CC70116 


/JPD70320L-8 


IE-70320- 
A008 


EP-70320L 


EB-V25MINI- 
IE-P 


(Note 7) 


DDK-70320 


— 


RA70320 


CC70116 


/iPD70322GJ 


IE-70320- 
A008 


EV-9500GJ- 
94 
(Note 16) 


EB-V25MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70320 




RA70320 


CC70116 


/L/PD70322GJ- 
8 


IE-70320- 
A0.Q8 


EP-70320GJ 


EB-V25MINI- 
IE-P 


EP-70320GJ 


DDK-70320 


— 


RA70320 


CC70116 


/JPD70322L 


IE-70320- 
A008 


(Note 15) 


EB-V25MINI- 
IE-P 


(Note 7) 


DDK-70320 


70P322K 
(Note 10) 


RA70320 


CC70116 


A/PD70322L-8 


IE-7Q320- 
A008 


(Note 15) 


EB-V25MINI- 
IE-P 


(Note 7) 


DDK-70320 


70P322K 
(Note 10) 


RA70320 


CC70116 


/;PD70325GJ- 
8 


IE-70325-BX 


EV-9500GJ- 
94 
(Note 16) 


EB-V25MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70325 




RA70320 


CC70116 


A/PD70325GJ- 
10 


IE-70325-BX 
(Note 8) 


EV-9500GJ- 
94 
(Note 16) 


EB-V25MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70325 


'■ 


RA70320 


CC70116 


A/PD70325L-8 


IE-70325-BX 


(Note 15) 


EB-V25MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70325 


^~ 


RA70320 


CC70116 


/iPD70325L-10 


IE-70325-BX 
(Note 8) 


(Note 15) 


EB-V25MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70325 


— 


RA70320 


CC70116 


/iPD70327GJ- 
8 (Note 9) 


IE-70320- 
A008 


EP-70320GJ 
(Note 5) 


EB-V25MINI- 
I'E-P 


EP-70320GJ 
(Note 6) 


' — 


— 


RA70320 


CC70116 


/iPD70327L-8 
(Note 9) 


IE-70230- 
A008 


EP-70320L 


EB-V25MINI- 
IE-P 


(Note 7) 


— 


— 


RA70320 


GC70116 


/JPD70330GJ- 
8 


IE-70330- 
A008 


EP-70320GJ 
(Note 5) 


EB-V35MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70330 


— 


RA70320 


CC70116 


/iPD70330L-8 


IE-70330- 
A008 


EP-70320L 


EB-V35MINI- 
IE-P 


(Note 7) 


DDK-70330 


, — 


RA70320 


CC70116 


/JPD70332GJ- 
8 


IE-70330- 
A008 


EP-70320GJ 
(Note 5) 


EB-V35M1NI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70330 


— 


RA70320 


CC70116 


A/PD70332L-8 


IE-70330- 
A008 


EP-70320L 


EB-V35MINI- 
IE-P 


(Note 7) 


DDK-70330 


70P322K 
(Note 10) 


RA70320 


CC70116 
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V-Series Microprocessors (cont) 



Device 
(Notel) 



Full 
Emulator 



Full 

Emulator 

Probe 



Mini-IE 
Emulator 



Mini-IE 
Probe 



Relocatable 
Evaluation EPROM Assembler C Compiler 
Boards Device (Note 13) (Note 14) 



A/PD70335GJ- 
8 



IE-70335-BX 



EV-9500GJ- 
94 
(Note 16) 



EB-V35MINI- 
IE-P 



EP-70320GJ 
(Note 6) 



DDK-70330 



RA70320 



CC70116 



A/PD70335GJ- 
10 



IE-70335-BX EV-9500GJ- 

(Note8)EV- 94 

9500GJ-94 (Note 16) 
(Note 16) 



EP-V35MINI- 
IE-P 



EP-70320GJ 
(Note 6) 



DDK-70330 



RA70320 



CC70116 



//PD70335L-8 


IE-70335-BX 


(Note 15) 


EB-V35MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70330 


RA70320 


CC70116 


//PD70335L-10 


IE-70335-BX 
(Note 8) 


(Note 15) 


EB-V35MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


DDK-70330 


RA70320 


CC70116 


A/PD70337GJ- 
8 (Note 9) 


IE-70330- 
A008 


EP-70320GJ 
(Note 5) 


EB-V35MINI- 
IE-P 


EP-70320GJ 
(Note 6) 


— 


RA70320 


CC70116 


/yPD70337L-8 
(Note 9) 


IE-70330- 
A008 


EP-70320L 


EB-V35MINI- 
IE-P 


(Note 7) 


— 


RA70320 


CC70116 


A/PD79011GJ- 
8 (Note 11) 


IE-70320- 
A008 


EP-70320GJ 
(Note 5) 


(Note 12) 


(Note 12) 


— 


RA70320 


CC70116 



A/PD79011L-8 
(Note 11) 



IE-70320- 

A008 

+ IE-70320- 

RTOS 



EP-70320L) (Note 12) 



(Note 12) 



RA70320 



CC70116 



A/PD79021 L-8 
(Note 11) 



IE-70330- 

A008 

+ IE-70330- 

RTOS 



EP-70320L (Note 12) 



(Note 12) 



RA70320 



CC70116 



Notes: 



(1) 



Packages: 

GF 

GJ 

K 

L 

R 



80-pin plastic QFP 
74-pin or 94-pin plastic QFP 
84-pin ceramic LCC with window 
68-pin or 84-pin plastic LCC 
68-pin PGA 



(2) The EP-70136GL-A and EP-70136L-PC contain both a 68-pin 
PLCC probe and an adapter which converts the 68-pin PLCC 
probes to a 74-pin QFP footprint. 

(3) 68-pin PGA parts are supported by using the EP-70136L-A 
PLCC probe or EP-70136L-PC PLCC probe, plus a PLCC socket 
with a PGA-pinout. A PLCC socket of this type is supplied with 
the EP-70136L-A. 

(4) The EB-V40 MINI-IE and EB-V50 MINI-IE support PGA packages 
directly; the ADAPT68PGA68PLCC adapter converts the PGA- 
pinout on the MINI-IE to a PLCC footprint. This adapter is 
supplied with the MINI-IE. 

(5) The EP-70320GJ is an adapter to the EP-70320L, which converts 
84-pin PLCC probes to a 94-pin QFP footprint. For GJ parts, both 
the PLCC probe and the adapter are needed. 



(6) The EP-70320GJ adapter can be used to convert the supplied 
84-pin PLCC cable of the EB-V25 MINI-IE-P or EB-V35 MINI-IE-P 
to a 94-pin QFP. 

(7) The EB-V25 MINI-IE-P and EB-V35 MINI-IE-P are supplied with an 
84-pin PLCC cable. 

(8) Contact your local NEC Sales Office for the latest information on 
10-MHz emulation. 

(9) Development for the /JPD70327 or /JPD70337 can be done using 
the appropriate /7PD70320 or/iPD70330 tools; however, debug- 
ging the programs in the Software Guard mode is not supported 
at this time. 

(10) TheA/PD70P322K EPROM device can be used for both/iPD70322 
and /L/PD70332 emulation. The //PD70P322K EPROM device can 
be programmed by using the PA-70P322L Programming Adapter 
and the PG-1500 EPROM Programmer. 

(11) For emulation of juPD79011 or//PD79021, the base emulator 
(IE-70320 or IE-70330) plus Real-Time Operating System soft- 
ware (IE-70320-RTOS or IE-70330-RTOS) is required. 

(12) This emulation option is not currently supported, but may be 
available in the future. Contact your local NEC Sales Office for 
further information. 
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(13) The following relocatable assemblers are available: 



RA701 1 6-D52 For V20®/V30®/ 
RA70116-VVT1 V40 TU /V50™ 
RA70116-VXT1 



(14) The following C compilers are available: 
CC701 1 6-D52 For V20®/V30®/ 
CC70116-VVT1 V40™/V50™ 
CC70116-VXT1 



(MS-DOS®) 
(VAX/VMS™) 
(VAX/UNIX™ 4.2 BSD 
or Ultrix™) 
RA70136-D52 ForV33 T 7V53™ (MS-DOS) 

RA70136-VVT1 (VAX/VMS) 

RA70136-VXT1 (VAX/UNIX 4.2 BSD or 

Ultrix) 
RA70320-D52 For V25'7V35 ,M (MS-DOS) 

RA70320-VVT1 (VAX/VMS) 

RA70320-VXT1 (VAX/UNIX 4.2 BSD or 

Ultrix) 

(MS-DOS) 
(VAX/VMS) 

(VAX/UNIX 4.2 BSD or 
Ultrix) 
CC70136-D52 For V33™/V53™ (MS-DOS) 

CC70136-VVT1 (VAX/VMS) 

CC70136-VXT1 (VAX/UNIX 4.2 BSD or 

Ultrix) 

(15) 84-pin PLCC probe shipped with IE-70325-BX and IE-70335-BX. 

(16) The EV-9500GJ-94 is an adapter that converts the 84-pin PLCC 
probe to a 94-pin QFR Target sockets must also be purchased to 
mate to this adapter. Target sockets are sold in packs of five as 
part number EV-92006-94x5. 

(17) The IE-70236-BX is shipped with the 132-pin PGA probe. 

(18) The EV-9500GD-120 is an adapter that converts the 132-pin PGA 
probe to a 120-pin QFP. Target sockets must also be purchased 
to mate to this adapter. Target sockets are sold in packs of five as 
part number EV-9200GD-120. 
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75xx Series Single-Chip Microcomputers 


Device (Note 1) 


Emulator* 


Add-on Board* 


System 

Evaluation 

Board 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Absolute 
Assembler 
(Note 3) 


/;PD7502G-12 


EVAKIT-7500B 


EV-7514 


SE-7514-A 


— 


- 


ASM75 


/7PD7502AGF-3B8 


EVAKIT-7500B 


EV-7514 


SE-7514-A 


- 


- 


ASM75 


/L/PD7503G-12 


EVAKIT-7500B 


EV-7514 


SE-7514-A 


— 


- 


ASM75 


/iPD7503AGF-3B8 


EVAKIT-7500B 


EV-7514 


SE-7514-A 


- 


- 


ASM75 


/iPD7507C 


EVAKIT-7500B 


- 


- 


/yPD78CG08E 


- 


ASM75 


/iPD7507CU 


EVAKIT-7500B 


— 


— 


— 


- 


ASM75 


A/PD7507G-00 


EVAKIT-7500B 


- 


- 


- 


- 


ASM75 


A/PD7507BCU 


EVAKIT-7500B 


— 


— 


— 


— 


ASM75 


A/PD7507BGB-3B4 


EVAKIT-7500B 


— 


— 


: — 


— 


ASM75 


A/PD7507HC 


EVAKIT-7500B 


EV-7508H 


— 


A/PD75CG08HE 


- 


ASM75 


A/PD7507HCU 


EVAKIT-7500B 


EV-7508H 


— 


— 


— 


ASM75 


A/PD7507HG-22 


EVAKIT-7500B 


EV-7508H 


— 


— 


— 


ASM75 


/JPD7508C 


EVAKIT-7500B 


— 


— 


J/PD78CG08E 


- 


ASM75 


//PD7508CU 


EVAKIT-7500B 


— 


— 


— 


— 


ASM75 


/JPD7508G-00 


EVAKIT-7500B 


— 


— 


— 


- 


ASM75 


/iPD7508BCU 


EVAKIT-7500B 


- 


— 


- 


- 


ASM75 


A/PD7508BGB-3B4 


EVAKIT-7500B 


— 


— 


— 


- 


ASM75 


A/PD75CG08E 


EVAKIT-7500B 


— 


— 


— 


- 


ASM75 


A/PD7508HC 


EVAKIT-7500B 


EV-7508H 


• — 


A/PD78GG08HE 


- 


ASM75 


MPD7508HCU 


EVAKIT-7500B 


EV-7508H 


— 


— 


— 


ASM75 


pPD7508HG-22 


EVAKIT-7500B 


EV-7508H 


- 


— 


- 


ASM75 


/yPD75CG08HE 


EVAKIT-7500B 


EV-7508H 


— 


— 


— 


ASM75 


//PD7527AC 


EVAKIT-7500B 


EV-7528 


— 


//PD78CG28E 


— 


ASM75 


/JPD7527ACU 


EVAKIT-7500B 


EV-7528 


— 


— 


- 


ASM75 


/iPD7528AC 


EVAKIT-7500B 


EV-7528 


— 


A/PD78CG28E 


— 


ASM75 


/iPD7528ACU 


EVAKIT-7500B 


EV-7528 


— 


— 


— 


ASM75 


A/PD75CG28E 


EVAKIT-7500B 


EV-7528 


— 


- 


- 


ASM75 


//PD7533C 


EVAKIT-7500B 


EV-7533 


— 


//PD75CG33E 


— 


ASM75 


A/PD7533CU 


EVAKIT-7500B 


EV-7533 


— 


— 


- 


ASM75 


A/PD7533G-22 


EVAKIT-7500B 


EV-7533 


— 


— 


— 


ASM75 


pPD75CG33E 


EVAKIT-7500B 


EV-7533 


— 


— 


. — 


ASM75 


A<PD7537AC 


EVAKIT-7500B 


EV-7528 


— 


/YPD75CG38E 


— 


ASM75 


/iPD7537ACU 


EVAKIT-7500B 


EV-7528 


— 


— 


— 


ASM75 


A/PD7538AC 


EVAKIT-7500B 


EV-7528 


— 


juPD75CG38E 


— 


ASM75 


/JPD7538ACU 


EVAKIT-7500B 


EV-7528 


— 


— 


— 


ASM75 


/7PD75CG38E 


EVAKIT-7500B 


EV-7528 


- 


- 


— 


ASM75 



Required tools 
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75xx Series Single-Chip Microcomputers (cont) 


Device (Note 1) 


Emulator* 


Add-on Board* 


System 

Evaluation 

Board 


EPROM/OTP 
Device 


PG-1500 
Adapter 
(Note 2) 


Absolute 
Assembler 
(Note 3) 


A/PD7554CS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


A/PD75P54CS 


PA-75P54CS 


ASM75 


A/PD7554G 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/JPD75P54G 


PA-75P54CS 


ASM75 


/iPD7554ACS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/iPD75P54CS 


PA-75P54CS 


ASM75 


/iPD7554AG 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/iPD75P54G 


PA-75P54CS 


ASM75 


/iPD75P54CS 


EVAKIT-7500B 


EV-7554A 


- 


- 


— 


ASM75 


A/PD75P54G 


EVAKIT-7500B 


EV-7554A 


— 


— 


— 


ASM75 


/iPD7556CS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/iPD75P56CS 


PA-75P56CS 


ASM75 


^PD7556G 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/JPD75P56G 


PA-75P56CS 


ASM75 


/iPD7556ACS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/JPD75P56CS 


PA-75P56CS 


ASM75 


/;PD7556AG 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/JPD75P56G 


PA-75P56CS 


ASM75 


/JPD75P56CS 


EVAKIT-7500B 


EV-7554A 


— 


— 


— 


ASM75 


A/PD75P56G 


EVAK(T-7500B 


EV-7554A 


— 


— 


— 


ASM75 


pPD7564CS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/iPD75P64CS 


PA-75P54CS 


ASM75 


/iPD7564G 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


A/PD75P64G 


PA-75P54CS 


ASM75 


A/PD7564ACS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


pPD75P64CS 


PA-75P54CS 


ASM75 


/iPD7564AG 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/iPD75P64G 


PA-75P54CS 


ASM75 


/JPD75P64CS 


EVAKIT-7500B 


EV-7554A 


— 


— 


— 


ASM75 


/;PD75P64G 


EVAKIT-7500B 


EV-7554A 


- 


— 


— 


ASM75 


/iPD7566CS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/JPD75P66CS 


PA-75P56CS 


ASM75 


/iPD7566G 


EVAKH-7500B 


EV-7554A 


SE-7554-A 


pPD75P66G 


PA-75P56CS 


ASM75 


A/PD7566ACS 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


J7PD75P66CS 


PA-75P56CS 


ASM75 


/JPD7566AG 


EVAKIT-7500B 


EV-7554A 


SE-7554-A 


/YPD75P66G 


PA-75P56CS 


ASM75 


/JPD75P66CS 


EVAKIT-7500B 


EV-7554A 


— 


— 


— 


ASM75 


//PD75P66G 


EVAKIT-7500B 


EV-7554A 


- 


- 


- 


ASM75 



Notes: 

(1) Packages: 
C 

CS 



CU 



G-00 

G-12 

G-22 

GB-3B4 

GF-3B8 



40-pin plastic DIP ((JPD7507/07H/08/08H) 
42-pin plastic DIP £/PD7527A/28A/33/37A/38A) 
20-pin plastic shrink DIP 

(fiPD7554/54A/P54/64/64A/P64) 
24-pin plastic shrink DIP 

<H? D7556/56A/P56/66/66A/P66) 
40-pin plastic shrink DIP 

(fiPD7507/07B/07H/08/08B/08H) 
42-pin plastic shrink DIP 

(^PD7527A/28A/33/37A/38A) 
40-pin ceramic piggy-back DIP (fiPD75CG08/08H) 
42-pin ceramic piggy-back DIP (ji/PD75CG 28/33/38) 
20-pin plastic SO (/JPD7554/54A/P54/64/64A/P64) 
24-pin plastic SO (/iPD7556/56A/P56/66/66A/P66) 
52-pin plastic QFP 

64-pin plastic QFP (2.05 mm thick) (fiPD7502/03) 
44-pin plastic QFP (1.45 mm thick) 
44-pin plastic QFP (2.7 mm thick) 
64-pin plastic QFP (2.7 mm thick) 



(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the OTP device. 

(3) The ASM75 Absolute Assembler is provided to run under the 
MS-DOS® operating system. (ASM75-D52). 
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Device (Note 5) 


Emulator* 


Emulation Probe* 


Optional Socket 
Adapter (Note 1) 


EPROM/OTP 
Device (Note 2) 


Relocatable 
Assembler 
(Note 3) 


Structured 
Assembler 
(Note 4) 


//PD75004CU 


IE-75000-R 


EP-75008CU-R 


— 


/7PD75P008CU 


RA75X 


ST75X 


/;PD75004GB-3B4 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


A/PD75P008GB 


RA75X 


ST75X 


/7PD75006CU 


IE-75000-R 


EP-75008CU-R 


— 


JVPD75P008CU 


RA75X 


ST75X 


/iPD75006GB-3B4 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


A/PD75P008GB 


RA75X 


ST75X 


A/PD75008CU 


IE-75000-R 


EP-75008CU-R 


- 


pPD75P008CU 


RA75X 


ST75X 


A/PD75008GB-3B4 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


/UPD75P008GB 


RA75X 


ST75X 


A/PD75P008CU 


IE-75000-R 


EP-75008CU-R 


— 


— 


RA75X 


ST75X 


//PD75P008GB 


IE-75000-R 


EP-75008GB-R 


EV-9200G-44 


— 


RA75X 


ST75X 


//PD75028CW 


IE-75000-R 


EP-75028CW-R 


- 


/;PD75P036CW 


RA75X 


ST75X 


/YPD75028GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


A/PD75P036GC 


RA75X 


ST75X 


/;PD75P036CW 


IE-75000-R 


EP-75028CW-R 


— 


— 


RA75X 


ST75X 


J/PD75P036GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


/JPD75048CW 


IE-75000-R 


EP-75028CW-R 


— 


J/PD75P056CW 


RA75X 


ST75X 


pPD75048GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


pPD75P056GC 


RA75X 


ST75X 


pPD75P056CW 


IE-75000-R 


EP-75028CW-R 


— 


— 


RA75X 


ST75X 


/JPD75P056GC-AB8 


IE-75000-R 


EP-75028GC-R 


EV-9200GC-64 


- 


RA75X 


ST75X 


pPD75104CW 


IE-75000-R 


EP-75108CW-R 




/JPD75P108CW/ 

DW/BCW 

/iPD75P116CW 


RA75X 


ST75X 


pPD75104G-1 B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


/JPD75P108G 
/;PD75P116GF 


RA75X 


ST75X 


A/PD75104GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


^PD75P108G/ 

BGF 

/L/PD75P116GF 


RA75X 


ST75X 


//PD75104AGC-AB8 


IE-75000-R 


EP-75108AGC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


A/PD75106CW 


IE-75000-R 


EP-75108CW-R 


~ 


J uPD75P108CW/ 

DW/BCW 

A/PD75P116CW 


RA75X 


ST75X 


A/PD75106G-1 B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


A/PD75P108G 
/yPD75P116GF 


RA75X 


ST75X 


pPD75106GF-3BE 


E-75000-R 


EP-75108GF-R 


EV-9200G-64 


A/PD75P108G/ 

BGF 

/iPD75P116GF 


RA75X 


ST75X 


//PD75108AG-22 


IE-75000-R 


EP-75108AGC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


/7PD75108AGC-AB8 


IE-75000-R 


EP-75108AGC-R 


EV-9200GC-64 


— 


RA75X 


ST75X 


A/PD75108CW 


IE-75000-R 


EP-75108CW-R 


" 


A/PD75P108CW/ 

DW/BCW 

//PD75P116CW 


RA75X 


ST75X 


A/PD75108G-1B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


//PD75P108G 
A/PD75P116GF 


RA75X 


ST75X 


/JPD75108GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


/YPD75P108G/ 

BGF 

A/PD75P116GF 


RA75X 


ST75X 


A/PD75P108BCW 


IE-75000-R 


EP-75T08CW-R 


— 


— 


RA75X 


ST75X 


pPD75P108BGF 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


- 


RA75X 


ST75X 
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Device (Note 5) 


Emulator* 


Emulation Probe* 


Optional Socket 
Adapter (Note 1) 


EPROM/OTP 
Device (Note 2) 


Relocatable 
Assembler 
(Note 3) 


Structured 
Assembler 
(Note 4) 


J/PD75P108CW 


IE-75000-R 


EP-75108CW-R 


— 


— 


RA75X 


ST75X 


/;PD75P108DW 


IE-75000-R 


EP-75108CW-R 


- 


— 


RA75X 


ST75X 


pPD75P108G-1 B 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


/7PD75112CW 


IE-75000-R 


EP-75108CW-R 


- 


pPD75P116CW 


RA75X 


ST75X 


A*PD75112GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


/iPD75P116GF 


RA75X 


ST75X 


A/PD75116CW 


IE-75000-R 


EP-75108CW-R 


— 


/iPD75P116CW 


RA75X 


ST75X 


/iPD75116GF-3BE 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


/JPD75P116GF 


RA75X 


ST75X 


A/PD75P116CW 


IE-75000-R 


EP-75108CW-R 


— 


— 


RA75X 


ST75X 


/7PD75P116GF 


IE-75000-R 


EP-75108GF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


pPD75206CW 


IE-75000-R 


EP-75216ACW-R 


- 


pPD75P216ACW 


RA75X 


ST75X 


A/PD75206G-1 B 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


A/PD75206GF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


pPD75208CW 


IE-75000-R 


EP-75216ACW-R 


— 


pPD75P216ACW 


RA75X 


ST75X 


/JPD75208G-1 B 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— ' 


RA75X 


ST75X 


/JPD75208GF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


/iPD75CG208E 


IE-75000-R 


EP-75216ACW-R 


— 


— 


RA75X 


ST75X 


pPD75CG208EA 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


/iPD75212ACW 


IE-75000-R 


EP-75216ACW-R 


- 


/;PD75P216ACW 


RA75X 


ST75X 


A/PD75212AGF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


- 


RA75X 


ST75X 


/JPD75216ACW 


IE-75000-R 


EP-75216ACW-R 


— 


pPD75P216ACW 


RA75X 


ST75X 


/L/PD75216AGF 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


/L/PD75CG216AE 


IE-75000-R 


. EP-75216ACW-R 


— 


— 


RA75X 


ST75X 


pPD75CG216AEA 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


pPD75P216ACW 


IE-75000-R 


EP-75216ACW-R 


- 


pPD75P216ACW 


RA75X 


ST75X 


A/PD75217CW 


IE-75000-R 


EP-75216ACW-R 


— 


A/PD75P218CW 


RA75X 


ST75X 


/JPD75217GF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


/JPD75P218GF/KB 


RA75X 


ST75X 


pPD75P218CW 


IE-75000-R 


EP-75216ACW-R 


— 


- 


RA75X 


ST75X 


/iPD75P218GF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


pPD75P218KB 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


/7PD75268CW 


IE-75000-R 


EP-75216ACW-R 


- 


pPD75P216ACW 


RA75X 


ST75X 


/iPD75268GF-3BE 


IE-75000-R 


EP-75216AGF-R 


EV-9200G-64 


— 


RA75X 


ST75X 


/iPD75304GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


pPD75P308GF/K 


RA75X 


ST75X 


pPD75306GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


pPD75P308GF/K 


RA75X 


ST75X 


^PD75308GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


/JPD75P308GF/K 


RA75X 


ST75X 


/JPD75P308GF 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


pPD75P308K 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


pPD75312GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


/iPD75P316GF/ 
AGF/AK 


RA75X 


ST75X 


pPD75316GF-3B9 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


/iPD75P316GF/ 
AGF/AK 


RA75X 


ST75X 
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Device (Note 5) 


Emulator* 


Emulation Probe* 


Optional Socket 
Adapter (Note 1) 


EPR0M/0TP 
Device (Note 2) 


Relocatable 
Assembler 
(Note 3) 


Structured 
Assembler 
(Note 4) 


/iPD75P316GF 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


//PD75P316AGF 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


- 


RA75X 


ST75X 


/iPD75P316AK 


IE-75000-R 


EP-75308GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


/YPD75328GC-3B9 


IE-75000-R 


EP-75328GC-R 


EV-9200GC-80 


//PD75P328GC 


RA75X 


ST75X 


/YPD75P328GC-3B9 


IE-75000-R 


EP-75328GC-R 


EV-9200GC-80 


— 


RA75X 


ST75X 


A/PD75402AC 


IE-75000-R 


EP-75402C-R 


— 


/YPD75P402C 


RA75X 


ST75X 


/JPD75402ACT 


IE-75000-R 


EP-75402C-R 


- 


/YPD75P402CT 


RA75X 


ST75X 


A/PD75402AGB-3B4 


IE-75000-R 


EP-75402GB-R 


EV-9200G-44 


/iPD75P402GB 


RA75X 


ST75X 


A/PD75P402C 


IE-75000-R 


EP-75402C-R 


— 


— 


RA75X 


ST75X 


//PD75P402CT 


IE-75000-R 


EP-75402C-R 


— 


— 


RA75X 


ST75X 


A/PD75P402GB-3B4 


IE-75000-R 


EP-75402GB-R 


EV-9200G-44 


— 


RA75X 


ST75X 


/iPD75512GF-3B9 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


/7PD75P516GF/K 


RA75X 


ST75X 


/iPD75516GF-3B9 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


/yPD75P516GF/K 


RA75X 


ST75X 


/JPD75P516GF 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


— 


RA75X 


ST75X 


pPD75P516K 


IE-75000-R 


EP-75516GF-R 


EV-9200G-80 


- 


— 


- 



Notes: 

(1) The EV-9200G-XX is an LCC socket with the footprint of the flat 
package. One unit is supp lied with the probe. Additional units 
are available as replacement parts in sets of five. 

(2) All EPROM/OTP devices can be programmed using the NEC 
PG-1500. Refer to the PG-1500 Programming Socket Adapter 
Selection Guide for the appropriate socket adapter. 

(3) The RA75X relocatable assembler package is provided for the 
following operating system: 

RA75X-D52 (MS-DOS®) 

(4) The ST75X structured assembler preprocessor is provided with 
RA75X. 

(5) 



c 


28-pin plastic DIP 


CT 


28-pin plastic shrink DIP 


cu 


42-pin plastic shrink DIP 


cw 


64-pin plastic shrink DIP 


DW 


64-pin ceramic shrink DIP with window 


E 


64-pin ceramic piggy-back shrink DIP 


EA 


64-pin ceramic piggy-back QFP 


G-1B 


64-pin plastic QFP (2.05 mm thick) 


G-22 


64-pin plastic QFP (1.55 mm thick) 


GB-3B4 


44-pin plastic QFP 


GC-AB8 


64-pin plastic QFP (2.55 mm thick) 


GC-3B9 


80-pin plastic QFP 


GF-3BE 


64-pin plastic QFP (2.77 mm thick) 


GF-3B9 


80-pin plastic QFP 


K 


80-pin ceramic LCC 


KB 


64-pin ceramic LCC 


Required tools. 
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Device (Note 1) t 


Emulator* 


Emulation Probe* 


EPROM/OTP Device 


PG-1500 
Adapter (Note 2) 


Relocatable 
Assembler 
(Note 9) 


C Compiler 
(Note 9) 


/JPD78C10CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


— 


— 


RA87 


CG87 


/iPD78C10G1B 


IE-78C11-M 


(Note 5) 


- 


— 


RA87 


CC87 


/JPD78C10GF-3BE 


IE-78C11-M 


(Note 5) 


— 


— ■ 


RA87 


CC87 


pPD78C10L 


IE-78C11-M 


(Note 7) 


— 


— 


RA87 


CC87 


JUPD78C10ACW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


— 


— 


RA87 


CC87 


/iPD78C10AGQ36 


IE-78C11-M 


(Note 4) 


. - 


— 


RA87 


CC87 


/iPD78C10AGF 


IE-78C11-M 


(Note 5) 


— 


— 


RA87 


CC87 


J/PD78C10AL 


IE-78C11-M 


(Note 7) 


— 


— 


RA87 


CC87 


/JPD78C11CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


pPD78CP14CW/DW 


PA-78CP14CW 


RA87 


CC87 


/;PD78C11G-36 


IE-78C11-M 


(Note 4) 


/JPD78CP14G36/R 
/JPD78CP14E 


PA-78CP14GQ 


RA87 


CC87 


J/PD78C11G-1B 


IE-78C11-M 


(Note 5) 


/JPD78CP14GF 


PA-78CP14GF 


RA87 


CC87 


A/PD78C11GF-3BE 


IE-78C11-M 


(Note 5) 


AIPD78CP14GF 


PA-78CP14GF 


RA87 


CC87 


/JPD78C11L 


IE-78C11-M 


(Note 7) 


/JPD78CP14L 


PA'78CP14L 


RA87 


CC87 


/iPD78C11ACW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


/iPD78CP14CW/DW 
(Note 6) 


PA-78CP14CW 


RA87 


CC87 


A/PD78C11AGQ-36 


IE-78C11-M 


(Note 4) 


A/PD78CP14G36/R 
(Note 6) 


PA-78CP14GQ 


RA87 


CC87 


/;PD78C11AGF-3BE 


IE-78C11-M 


(Note 5) 


J/PD78CP14GF 
(Note 6) 


PA-78CP14GF 


RA87 


CC87 


A/PD78C11AL 


IE-78C11-M 


(Note 7) 


A/PD78CP14L 
(Note 6) 


PA-78CP14L 


RA87 


CC87 


/iPD78C12ACW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


/7PD78CP14CW/DW 
(Note 6) 


PA-78CP14CW 


RA87 


CC87 


/iPD78C12AGQ 


IE-78C11-M 


(Note 4) 


/JPD78CP14G36/R 
(Note 6) 


PA-78CP14GQ 


RA87 


CC87 


pPD78C12AGF 


IE-78C11-M 


(Note 5) 


/JPD78CP14GF 
(Note 6) 


PA-78CP14GF 


RA87 


CC87 


J/PD78C12AL 


IE-78C11-M 


(Note 7) 


A/PD78CP14L 
(Note 6) 


PA-78CP14L 


RA87 


CC87 


/;PD78C14CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


A/PD78CP14CW/DW 


PA-78CP14CW 


RA87 


CC87 


/iPD78C14G-36 


IE-78C11-M 


(Note 4) 


pPD78CP14G36/R 
/JPD78CG14E 


PA-78CP14GQ 


RA87 


CC87 


pPD78C14G-1B 


IE-78C11-M 


(Note 5) 


pPD78CP14GF 


PA-78CP14GF 


RA87 


CC87 


^PD78C14GF 


IE-78C11-M 


(Note 5) 


/JPD78CP14GF 


PA-78CP14GF 


RA87 


CC87 


A/PD78C14L 


IE-78C11-M 


(Note 7) 


/JPD78CP14L 


PA-78CP14L 


RA87 


CC87 


/iPD78C14AG-AB8 


IE-78C11-M 


(Note 5) 


— 


- 


RA87 


CC87 


pPD78CG14E 
(Note 8) 


IE-78C11-M 


(Note 4) 


— 


— 


RA87 


CC87 


/iPD78CP14CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


— 


PA-78CP14CW 


RA87 


CC87 
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Device (Note 1) t 


Emulator* 


Emulation Probe* 


EPROM/OTP Device 


PG-1500 
Adapter (Note 2) 


Relocatable 
Assembler 
(Note 9) 


C Compiler 
(Note 9) 


A/PD78CP14DW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 




— 


PA-78CP14CW 


RA87 


CC87 


J/PD78CP14G36 


IE-78C11-M 


(Note 4) 




— 


PA-78CP14GQ 


RA87 


CC87 


A/PD78CP14GF 


IE-78C11-M 


(Note 5) 




- 


PA-78CP14GF 


RA87 


CC87 


A/PD78CP14L 


IE-78C11-M 


(Note 7) 




— 


PA-78CP14L 


RA87 


CC87 


/iPD78CP14R 


IE-78C11-M 


(Note 4) 




— 


PA-78CP14GQ 


RA87 


CC87 


A/PD78C17CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 




— 


— 


RA87 


CC87 


A/PD78C17GQ36 


IE-78C11-M 


(Note 4) 




- 


— 


RA87 


CC87 


A/PD78C17GF 


IE-78C11-M 


(Note 5) 




— 


— ' 


RA87 


CC87 


jyPD78C18CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


/YPD78CP18CW . 
(Note 6) 


PA-78CP14CW 


RA87 


CC87 


A/PD78C18GQ 


IE-78C11-M 


(Note 4) 


//PD78CP18GQ 
(Note 6) 


PA-78CP14GQ 


RA87 


CC87 



/iPD78C18GF 



IE-78C11-M (Note 5) 



A/PD78CP18GF 
(Note 6) 

/7PD78CP18KB 
(Note 6) 



PA-78CP14GF 
PA-78CP14KB 



RA87 



CC87 



/L/PD78CP18CW 


IE-78C11-M 


EV-9001 -64 
(Note 3) 


— 


PA-78CP14CW 


RA87 


CC87 


//PD78CP18GQ 


IE-78C11-M 


(Note 4) 


- 


PA-78CP14GQ 


RA87 


CC87 


//PD78CP18GF 


IE-78C11-M 


(Note 5) 


— 


PA-78CP14GF 


RA87 


CC87 


A<PD78CP18KB 


IE-78C11-M 


(Note 5) 


- 


PA-78CP14KB 


RA87 


CC87 



* Required tools 

t For all/jPDC1X devices, you may use the DDK-78C10 for 

evaluation purposes. 
Notes: 



(1) Packages: 
CW 
DW 
E 

G-1B 
G-36 
G-AB8 
GF-3BE 
GQ-36 
KB 
L 
R 



64-pin plastic shrink DIP 

64-pin ceramic shrink DIP with window 

64-pin ceramic piggyback QUIP 

64-pin plastic QFP (resin thickness 2.05 mm) 

64-pin plastic QUIP 

64-pin plastic QFP (interpin pitch 0.8 mm) 

64-pin plastic QFP (resin thickness 2.7 mm) 

64-pin plastic QUIP 

64-pin ceramic LCC with window 

68-pin PLCC 

64-pin ceramic QUIP with window 



(5) No emulation probe available. 

(6) TheyjPD78CP14/CP18 EPROM/OTP devices do not have pull-up 
resistors on ports A, B, and C. 

(7) The optional AS-QIP-PCC-D781X QUIP-to-PLCC adapter can be 
used with the EP-7811HGQ emulation probe supplied with each 
IE. 

(8) The //PD78CG14E is a piggyback EPROM device in a ceramic 
QUIP package. It accepts 27C256 and 27C256A EPROMs. 

(9) The following relocatable assemblers and C compilers are avail- 
able: 

RA87-D52 (MS-DOS®) 

RA87-VVT1 (VAX/VMS®) 



(2) By using the specified adapter, the PG-1500 EPROM programmer 
can be used to program the EPROM/OTP device. 

(3) 64-pin shrink DIP adapter which plugs into the EP-7811HGQ 
emulation probe supplied with each IE. 

(4) The emulation probe for the 64-pin QUIP package (EP-7811 HGQ) 
is supplied with the IE. 



CCMSD-I5DD-87 
CCMSD-I5DD-87-16 



CCVMS-0T16-87 
CCUNX-0T16-87 



(MS-DOS) 

(MS-DOS; 

extended memory) 

(VAX/VMS) 

(VAX/UNIX™; 

4.2 BSD or Ultrix®) 



Relocatable assem- 
blers for 78XX 
series 

C Compilers for 
78XX Series 
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782xx Series Single-Chip Microcomputers 


Device 
(Notes 1,2) 


Evaluation 
Kit 
(Note 3) 


Designer 
Kit 
(Note 4) 


Emulator 
Kit 
(Note 5) 


Low- End 
Emulator 


Emulation 
System 


Emulation 
Probe 


EPROM/OTP 
Device (Note 6) 


/L/PD78212CW 


EK-78K2-21X 


DK-78K2- 
21XCW 


IK-78K2- 
21XCW 


EB-78210-PC 


IE-78240-R 


EP-78240CW-R 


A/PD78P214CW/DW 


/iPD78212GC 


EK-78K2-21X 


DKr78K2- 
21XGC 


IK-78K2- 
21XGC 


EB-78210-PC 


IE-78240-R 


EP-78240GC-R 
(Note 9) 


/^PD78P214GC 


/iPD78212GJ 


EK-78K2-21X 


DK-78K2- 
21XGJ 


IK-78K2- 
21XGJ 


EB-78210-PC 


IE-78240-R 


EP-78240GJ-R 
(Note 7) 


/iPD78P214GJ 


/iPD78212GQ 


EK-78K2-21X 


DK-78K2- 
21XGQ 


IK-78K2- 
21XGQ 


EB-78210-PC 


IE-78240-R 


EP-78240GQ-R 


/JPD78P214GQ 


pPD78212L 


EK-78K2-21X 


DK-78K2- 
21XL 


IK-78K2- 
21 XL 


EB-78210-PC 


IE-78240-R 


EP-78240LP-R 


/iPD78P214L 


/iPD78213CW 


EK-78K2-21X 


DK-78K2- 
21XCW 


IK-78K2- 
21XCW 


EB-78210-PC 


IE-78240-R 


EP-78240CW-R 


— 


pPD78213GC 


EK-78K2-21X 


DK-78K2- 
21XGC 


IK-78K2- 
21XGC 


EB-78210-PC 


IE-78240-R 


EP-78240GC-R 
(Note 9) 


— 


/iPD78213GJ 


EK-78K2-21X 


DK-78K2- 
21XGJ 


IK-78K2- 
21XGJ 


EB-78210-PC 


IE-78240-R 


EP-78240GJ-R 
(Note 7) 


— 


pPD78213G36 


EK-78K2-21X 


DK-78K2- 
21XGQ 


IK-78K2- 
21XGQ 


EB-78210-PC 


IE-78240-R 


EP-78240GQ-R 


— 


juPD78213L 


EK-78K2-21X 


DK-78K2- 
21XL 


IK-78K2- 
21 XL 


EB-78210-PC 


IE-78240-R 


EP-78240LP-R 


— 


/iPD78214CW 


EK-78K2-21X 


DK-78K2- 
21XCW 


IK-78K2- 
21XCW 


EB-78210-PC 


IE-78240-R 


EP-78240CW-R 


A/PD78P214CW/DW 


pPD78214GC 


EK-78K2-21X 


DK-78K2- 
21XGC 


IK-78K2- 
21XGC 


EB-78210-PC 


IE-78240-R 


EP-78240QC-R 
(Note 9) 


A/PD78P214GC 


/JPD78214GJ 


EK-78K2-21X 


DK-78K2- 
21XGJ 


IK-78K2- 
21XGJ 


EB-78210-PC 


IE-78240-R 


EP-78240GJ-R 
(Note 7) 


pPD78P214GJ 


pPD78214G36 


EK-78K2-21X 


DK-78K2- 
21XGQ 


IK-78K2- 
21XGQ 


EB-78210-PC 


IE-78240-R 


EP-78240GQ-R 


pPD78P214GQ 


/iPD78214L 


EK-78K2-21X 


DK-78K2- 
21 XL 


IK-78K2- 
21 XL 


EB-78210-PC 


IE-78240-R 


EP-78240LP-R 


A/PD78P214L 


pPD78P214CW 


EK-78K2-21X 


DK-78K2- 
21XCW 


IK-78K2- 
21XCW 


EB-78210-PC 


IE-78240-R 


EP-78240CW-R 


— 


/;PD78P214DW 


EK-78K2-21X 


DK-78K2- 
21XCW 


IK-78K2- 
21XCW 


EB-78210-PC 


IE-78240-R 


EP-78240CW-R 


— 


pPD78P214GC 


EK-78K2-21X 


DK-78K2- 
21XGC 


IK-78K2- 
21XGC 


EB-78210-PC 


IE-78240-R 


EP-78240GC-R 
(Note 9) 


— 


pPD78P214GJ 


EK-78K2-21X 


DK-78K2- 
21XGJ 


IK-78K2- 
21XGJ 


EB-78210-PC 


IE-78240-R 


EP-78240GJ-R 
(Note 7) 


— 


yPD78P214GQ 


EK-78K2-21X 


DK-78K2- 
21XGQ 


IK-78K2- 
21XGQ 


EB-78210-PC 


IE-78240-R 


EP-78240GQ-R 


— 


/iPD78P214L 


EK-78K2-21X 


DK-78K2- 
21 XL 


IK-78K2- 
21XL 


EB-78210-PC 


IE-78240-R 


EP-78240LP-R 


— 


/7PD78220GJ 


EK-78K2-22X 


DK-78K2- 
22XGJ 


IK-78K2- 
22XGJ 


EB-78220-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


— 


/JPD78220L 


EK-78K2-22X 


DK-78K2- 
22XL 


IK-78K2- 
22XL 


EB-78220-PC 


IE-78230-R 


EP-78230LQ-R 


— 


pPD78224GJ 


EK-78K2-22X 


DK-78K2- 
22XGJ 


IK-78K2- 
22XGJ 


EB-78220-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


pPD78P224GJ 
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782xx Series Single-Chip Microcomputers (cont) 


Device 
(Notes 1,2) 


Evaluation 
Kit 
(Note 3) 


Designer 
Kit 
(Note 4) 


Emulator 
Kit 
(Note 5) 


Low-End 
Emulator 


Emulation 
System 


Emulation 
Probe 


EPROM/OTP 
Device (Note 6) 


A/PD78224L 


EK-78K2-22X 


DK-78K2- 
22XL 


IK-78K2- 
22XL 


EB-78220-PC 


IE-78230-R 


EP-78230LQ-R 


/iPD78P224L 


/JPD78P224GJ 


EK-78K2-22X 


DK-78K2- 
22XGJ 


IK-78K2- 
22XGJ 


EB-78220-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


— 


/iPD78P224L 


EK-78K2-22X 


DK-78K2- 
22XL 


IK-78K2- 
22XL 


EB-78220-PC 


IE-78230-R 


EP-78230LQ-R 


— 


/JPD78233GC 


EK-78K2-23X 


DK-78K2- 
23XGC 


IK-78K2- 
23XGC 


EB-78230-PC 


IE-78230-R 


EP-78230GC-R 
(Note 10) 


— 


A/PD78233GJ 


EK-78K2-23X 


DK-78K2- 
23XGJ 


IK-78K2- 
23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


— 


A/PD78233LQ 


EK-78K2-23X 


DK-78K2- 
23XL 


IK-78K2- 
23XL 


EB-78230-PC 


IE-78230-R 


EP-78230LQ-R 


— 


/JPD78234GC 


EK-78K2-23X 


DK-78K2- 
23XGC 


IK-78K2- 
23XGC 


EB-78230-PC 


IE-78230-R 


EP-78230GC-R 
(Note 10) 


/iPD78P238GC 


A/PD78234GJ 


EK-78K2-23X 


DK-78K2- 
23XGJ 


IK-78K2- 
23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


A/PD78P238GJ/KF 


^PD78234LQ 


EK-78K2-23X 


DK-78K2- 
23XL 


IK-78K2- 
23XL 


EB-78230-PC 


IE-78230-R 


EP-78230LQ-R 


//PD78P238LQ 


/UPD78237GC 


EK-78K2-23X 


DK-78K2- 
23XGC 


IK-78K2- 
23XGC 


EB-78230-PC 


IE-78230-R 


EP-78230GC-R 
(Note 10) 


— 


/YPD78237GJ 


EK-78K2-23X 


DK-78K2- 
23XGJ 


IK-78K2- 
23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


— 


JL/PD78237LQ 


EK-78K2-23X 


DK-78K2- 
23XLQ 


IK-78K2- 
23XLQ 


EB-78230-PC 


IE-78230-R 


EP-78230LQ-R 


— 


/JPD78238GC 


EK-78K2-23X 


DK-78K2- 
23XGC 


IK-78K2- 
23XGC 


EB-78230-PC 


IE-78230-R 


EP-78230GC-R 
(Note 10) 


/YPD78P238GC 


juPD78238GJ 


EK-78K2-23X 


DK-78K2- 
23XGJ 


IK-78K2- 
23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


A/PD78P238GJ/KF 


A/PD78238LQ 


EK-78K2-23X 


DK-78K2- 
23XLQ 


IK-78K2- 
23XLQ 


EB-78230-PC 


IE-78230-R 


EP-78230LQ-R 


A/PD78P238LQ 


J/PD78P238GC 


EK-78K2-23X 


DK-78K2- 
23XGC 


IK-78K2- 
23XGC 


EB-78230-PC 


IE-78230-R 


EP-78230GC-R 
(Note 10) 


— 


A<PD78P238GJ 


EK-78K2-23X 


DK-78K2- 
23XGJ 


IK-78H2- 
23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


— 


//PD78P238KF 


EK-78K2-23X 


DK-78K2- 
23XGJ 


IK-78K2- 
23XGJ 


EB-78230-PC 


IE-78230-R 


EP-78230GJ-R 
(Note 8) 


— 


/yPD78P238LQ 


EK-78K2-23X 


DK-78K2- 
23XL 


IK-78K2- 
23XL 


EB-78230-PC 


IE-78230-R 


EP-78230LQ-R 


— 


pPD78243CW 


EK-78K2-24X 


DK-78K2- 
24XCW 


IK-78K2- 
24XCW 


EB-78240-PC 


IE-78240-R 


EP-78240CW-R 


— 


J/PD78243GC- 
AB8 


EK-78K2-24X 


DK-78K2- 
24XGC 


IK-78K2- 
24XGC 


EB-78240-PG 


IE-78240-R 


EP-78240GC-R 
(Note 9) 


— 


//PD78243LP 


EK-78K2-24X 


DK-78K2- 
24XLP 


IK-78K2- 
24XLP 


EB-78240-PC 


IE-78240-R 


EP-78240LP-R 


— 


/;PD78244CW 


EK-78K2-24X 


DK-78K2- 
24XCW 


IK-78K2- 
24XCW 


EB-78240-PC 


IE-78240-R 


EP-78240CW-R 


— 


//PD78244GC 


EK-78K2-24X 


DK-78K2- 
24XGC 


IK-78K2- 
24XGC 


EB-78240-PC 


IE-78240-R 


EP-78240GC-R 
(Note 9) 


— 
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782xx Series Single-Chip Microcomputers (cont) 


Device 
(Notes 1,2) 


Evaluation 
Kit 
(Note 3) 


Designer 
Kit 
(Note 4) 


Emulator 

Kit Low-End 

(Note 5) Emulator 


Emulation 
System 


Emulation 
Probe 


EPROM/OTP 
Device (Note 6) 


pPD78244L 


EK-78K2-24X 


DK-78K2- 
24XLP 


IK-78K2- EB-78240-PC 
24XLP 


IE-78240-R 


EP-78240LP-R 


— ■ 



Notes: 

(1) The following software packages are available for the 782xx 
Series. 
RA78K2 Relocatable Assembler Package: RA78K2-D52 

(MS-DOS®) 
ST78K2 Structured Assembler Preprocessor: provided with 

RA78K2 
CC78K2 C-Compiler package: CC78K2-D52 (MS-DOS) 



(2) 



Packages: 

CW 

DW 

G36 

GC 

GC 

GC-AB8 

GJ 

GJ 
GQ 
KF 

L 

LP 
LQ 



64-pin plastic shrink DIP 

64-pin ceramic shrink DIP with window 

64-pin plastic QUIP (MPD7821 3/21 4) 

64-pin plastic QFP (fiPD78212/21 3/21 4/P21 4/244) 

80-pin plastic QFP (^PD78233/234/237/238/P238) 

64-pin plastic QFP 

94-pin plastic QFP (fjPD78220/224/P224/233/234/ 

237/238/P238) 

74-pin plastic QFP ^PD78212/213/214/P214) 

64-pin plastic QUIP ((L/PD78212/P214) 

94-pin ceramic LCC with window 

68-pin PLCC (^PD78213/214/P214L) 

84-pin PLCC (j;PD78220/224/P224L) 

68-pin PLCC 

84^pin PLCC 

(3) The /iPD782xx Evaluation Kit contains the appropriate DDB- 
78K2-2xx Evaluation Board for the part selected, the RA78K2 
Relocatable Assembler Package, and the ST78K2 Structured 
Assembler Preprocessor. 



(4) The ^PD782xx Designer Kit contains the appropriate EB- 
782xx-PC low-end emulator and emulation probe for the part 
selected,, the RA78K2 Relocatable Assembler Package, and the 
ST78K2 Structured Assembler Preprocessor. 

(5) The /;PD782xx Emulator Kit contains the appropriate IE-782xx 
system and emulation probe for the part selected, the RA78K2 
Relocatable Assembler Package, and the ST78K2 Structured 
Assembler Preprocessor. 

(6) All EPROM/OTP devices can be programmed using the NEC 
PG-1500. Refer to the PG-1500 Programming Socket Adapter 
Selection Guide for the appropriate programming adapter. 

(7) The EP-78240GJ-R Emulation Probe is shipped with one EV- 
9200G-74, a 74-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 

(8) The EP-78230GJ-R Emulation Probe is shipped with one EV- 
9200G-94, a 94-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 

(9) The EP-78240GC-R Emulation Probe is shipped with one EV- 
9200GC-64, a 64-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets Of five. 

(10) The EP-78230GC-R Emulation Probe is shipped with one EV- 
9200GC-80, an 80 -pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 



783xx Series Single-Chip Microcomputers 



Device (Notes 1, 2) 


Evaluation Kit 
(Note 3) 


Emulator Kit 
(Note 4) 


Evaluation 
Board 


Emulation 
System 


Emulation Probe 


EPROM/OTP 
Device (Note 5) 


pPD78310ACW 


— 


IK-78K3-31XACW 
(Note 6) 


DDK-78310A 


IE-78310A-R 


EP-78310CW 
(Note 7) 


■ ; — 


/JPD78310AGF3BE 


- 


IK-78K3-31XAGF 


DDK-78310A 


IE-78310A-R 


EP-78310GF (Note 8) 


- 


juPD78310AGQ-36 


— 


IK-78K3-31XACW 
(Note 6) 


DDK-78310A 


IE-78310A-R 


EP-78310GQ 
(Note 9) 


'." — 


pPD78310AL 


— 


IK-78K3-31XAL 


DDK-78310A 


IE-78310A-R 


EP-78310L 


■ — • • 


JUPD78312ACW 


— 


IK-78K3-31XACW 
(Note 6) 


DDK-78310A 


IE-78310A-R 


EP-78310CW 
(Note 7) 


/iPD78P312ACW/DW 


pPD78312AGF 


— 


IK-78K3-31XAGF 


DDK-78310A 


IE-78310A-R 


EP-78310GF (Note 8) 


pPD78P312AGF 


A/PD78312AGQ 


— ■ 


IK-78K3-31XACW 
(Note 6) 


DDK-78310A 


IE-78310A-R 


EP-78310GQ 
(Note 9) 


/JPD78P312AGQ/RQ 


/JPD78312AL 


— 


IK-78K3-31XAL 


DDK-78310A 


IE-78310A-R 


EP-78310L 


, pPD78P312AL 


pPD78P312ACW 


— 


IK-78K3-31XACW 
(Note 6) 


DDK-78310A 


IE-78310A-R 


EP-78310CW 
(Note 7) 


— 


/JPD78P312ADW 


— 


IK-78K3-31XACW 
(Note 6) ; 


DDK-78310A 


IE-78310A-R 


EP-78310CW 
(Note 7) 


— 
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783xx Series Single-Chip Microcomputers (cont) 


Device (Notes 1, 2) 


Evaluation Kit 
(Note 3) 


Emulator Kit 
(Note 4) 


Evaluation 
Board 


Emulation 
System 


Emulation Probe 


EPROM/OTP 
Device (Note 5) 


A/PD78P312AGF 


— 


IK-78K3-31XAGF 


DDK-78310A 


IE-78310A-R 


EP-78310GF 
(Note 8) 


— 


/JPD78P312AGQ-36 


— 


IK-78K3-31XACW 
(Note 6) 


DDK-78310A 


IE-78310A-R 


EP-78310GQ 
(Note 9) 


— 


/JPD78P312AL 


— 


IK-78K3-31XAL 


DDK-78310A 


IE-78310A-R 


EP-78310L 


- 


/JPD78P312ARQ 


— 


IK-78K3-31XACW 
(Note 6) 


DDK-78310A 


IE-78310A-R 


EP-78310GQ 
(Note 9) 


— 


/;PD78320GJ 


EK-78K3-32X 


IK-78K3-32XGJ 


EB-78320- 
PC 


IE-78327-R 


EP-78320GJ-R 
(Note 10) 


— 


//PD78320L 


EK-78K3-32X 


IK-78K3-32XL 


EB-78320- 
PC 


IE-78327-R 


EP-78320L-R 


— 


A/PD78322GJ 


EK-78K3-32X 


IK-78K3-32XGJ 


EB-78320- 
PC 


IE-78327-R 


EP-78320GJ-R 
(Note 10) 


/;PD78P322GJ/KD 


/JPD78322L 


EK-78K3-32X 


IK-78K3-32XL 


EB-78320- 
PC 


IE-78327-R 


EP-78320L-R 


A/PD78P322L/KC 


J/PD78P322GJ 


EK-78K3-32X 


IK-78K3-32XGJ 


EB-78320- 
PC 


IE-78327-R 


EP-78320GJ-R 
(Note 10) 


— 


/JPD78P322KC 


EK-78K3-32X 


IK-78K3-32XL 


EB-78320- 
PC 


IE-78327-R 


EP-78320L-R 


— 


//PD783P322KD 


EK-78K3-32X 


IK-78K3-32XGJ 


EB-78320- 
PC 


IE-78327-R 


EP-78320GJ-R 
(Note 10) 


— 


A/PD78P322L 


EK-78K3-32X 


IK-78K3-32XL 


EB-78320- 
PC 


IE-78327-R 


EP-78320L-R 


■ — ' 


/JPD78330GJ 


EK-78K3-33X 


IK-78K3-33XGJ 


EB-78330- 
PC 


IE-78330-R 


EP-78330GJ-R 
(Note 11) 


— 


//PD78330LQ 


EK-78K3-33X 


IK-78K3-33XLQ 


EB-78330- 
PC 


IE-78330-R 


EP-78330LQ-R 


— 


pPD78334GJ 


EK-78K3-33X 


IK-78K3-33XGJ 


EB-78330- 
PC 


IE-78330-R 


EP-78330GJ-R 
(Note 11) 


/JPD78P334GJ 


/JPD78334LQ 


EK-78K3-33X 


IK-78K3-33XLQ 


EB-78330- 
PC 


IE-78330-R 


EP-78330LQ-R 


A/PD78P334LQ/KE 


/JPD78P334GJ 


EK-78K3-33X 


IK-78K3-33XGJ 


EB-78330- 
PC 


IE-78330-R 


EP-78330GJ-R 
(Note 11) 


— 


/iPD78P334KE 


EK-78K3-33X 


IK-78K3-33XLQ 


EB-78330- 
PC 


IE-78330-R 


EP-78330LQ-R 


— 


//PD78P334LQ 


EK-78K3-33X 


IK-78K3-33XLQ 


EB-78330- 
PC 


IE-78330-R 


EP-78330LQ-R 


— 



Notes: 

(1) The following software packages are available for the £/PD783xx 
series: 
RA78K3 Relocatable Assembler Package: RA78K3-D52 

(MS-DOS®) 
ST78K3 Structured Assembler Preprocessor: provided with 

RA78K3 
CC78K3 C-Compiler Package: CC78K3-D52 (MS-DOS) 
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Packages: 




CW 


64-pin plastic shrink DIP 


DW 


64-pin ceramic shrink DIP with window 


GF-3BE 


64-pin plastic QFP (resin thickness 2.7 mm) 


GJ-5BG 


94-pin plastic QFP 


GJ-5BJ 


74-pin plastic QFP (20 mm x 20 mm) 


GQ-36 


64-pin plastic QUIP 


KC 


68-pin ceramic LCC with window 


KD 


74-pin ceramic LCC with window 


KE 


84-pin ceramic LCC with window 


L 


44-pin PLCC (^PD71P301L) 




68-pin PLCC 




OiPD78310A/312A/P312AL,/iPD78320/322L) 


LQ 


84-pin PLCC 


R 


64-pin ceramic QUIP with window 



(3) The /jPD783xx Evaluation Kit contains the appropriate EB- 
783xx-PC evaluation board for the part selected, the RA78K3 
Relocatable Assembler Package, and the ST78K3 Structured 
Assembler Preprocessor. 

(4) The /iPD783xx Emulator Kit contains the appropriate IE-783xx 
and Emulation Probe for the part selected, the RA78K3 Relocat- 
able Assembler Package, and the ST78K3 Structured Assembler 
Preprocessor. 

DSP and Speech Products 



(5) All EPROM/OTP devices can be programmed using the NEC 
PG-1500. Refer to the PG-1500 Programming Socket Adapter 
Selection Guide for the appropriate programming adapter. 

(6) The IK-78K3-31XACW is shipped with the emulation probes for 
both the 64-pin shrink DIP and 64-pin QUIP packages. 

(7) The emulation probe for the 64-pin shrink DIP package (EP- 
78310CW) is supplied with the IE. 

(8) The EP-78310GF Emulation Probe is shipped with one EV-9200G- 
64, a 64-pin LCC socket with the footprint of the QFP package. 
Additional sockets are available as replacement parts in sets of 
five. 

(9) The emulation probe for the 64-pin QUIP package (EP-78310GQ) 
is supplied with the IE. 

(10) The EP-78320GJ-R Emulation Probe is shipped with one EV- 
9200G-74, a 74-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 

(11) The EP-78330GJ-R Emulation Probe is shipped with one EV- 
9200G-94, a 94-pin LCC socket with the footprint of the QFP 
package. Additional sockets are available as replacement parts 
in sets of five. 



Device 
(Note 7) 


Emulator 


Evaluation 
Board 


Assembler 
(Note 1) 


Simulator 
(Note 2) 


EPROM/OTP 
Device 


PG-1500 Adapter 
(Note 3) 


/iPD77P20D 


EVAKIT-7720B 


— 


ASM77 


SM77C25 


- 


- 


/JPD77C20AC 


EVAKIT-7720B 


— 


ASM77 


SM77C25 


/iPD77P20D 


(Note 5) 


/JPD77C20AGW 


EVAKIT-7720B 


- 


ASM77 


SM77C25 


pPD77P20D 


- 


/iPD77C20AL 


EVAKIT-7720B 


— 


ASM77 


SM77C25 


— 


- 


/iPD77C20ALK 


EVAKIT-7720B 


— 


ASM77 


SM77C25 


— 


— 


JUPD77220L 


EVAKIT-77230 


— 


RA77230 


SM77230, 
SIM77230 


— 


— 


/iPD77220R 


EVAKIT-77230 


DDK-77220 
(Note 8) 


RA77230 


SM77230, 
SIM77230 


/JPD77P220R (EPROM) 
/JPD77P220L (OTP) 


PA-77P230R 


A/PD77P220L 


EVAKIT-77230 


— 


RA77230 


SM77230 
SIM77230 


— 


PA-77P220L 


/JPD77P220R 


EVAKIT-77230 


DDK-77220 
(Note 8) 


RA77230 


SM77230, 
SIM77230 


— 


PA-77P230R 


/JPD77230AR 


EVAKIT-77230 


— 


RA77230 


SM77230, 
SIM77230 


/JPD77P230R 


PA-77P230R 


/JPD77230AR-003 


EVAKIT-77230 


DDK-77230 


RA77230 


SM77230, 
SIM77230 


//PD77P230R 


PA-77P230R 


pPD77P230AR 


EVAKIT-77230 


DDK-77230 


RA77230 


SM77230, 
SIM77230 


/JPD77P230R 


PA-77P230R 


/iPD77240R 


IE-77240 


IE-77240 


RA77240 


SIM77240 


— 


- 


/JPD77C25C 


EVAKIT-77C25 


— 


RA77C25 


SM77C25 


/iPD77P25C/D 


PA-77P25C 


A/PD77C25GW 


EVAKIT-77C25 


— 


RA77C25 


SM77C25 


/JPD77P25GW 


- 


/JPD77C25L 


EVAKIT-77C25 


— 


RA77C25 


SM77C25 


/JPD77P25L 


PA-77P25L 


/L/PD77P25C 


EVAKIT-77C25 


- 


RA77C25 


SM77C25 


- 


PA-77P25C 


pPD77P25D 


EVAKIT-77C25 


— 


RA77C25 


SM77C25 


— 


PA-77P25C 


/JPD77P25GW 


EVAKIT-77C25 


- 


RA77C25 


SM77C25 


- 


PA-77P25GW 
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Device 
(Note 7) 


Emulator 


Evaluation 
Board 


Assembler 
(Note 1) 


Simulator 
(Note 2) 


EPROM/OTP 
Device 


PG-1500 Adapter 
(Note 3) 


/UPD77P25L 


EVAKIT-77C25 


— 


RA77C25 


SM77C25 


- 


PA-77P25L 


/YPD7755C 


NV-300 System 
(Note 9) 


EB-7759 


— 


— 


A/PD77P56CR 


PA-77P56C 


/iPD7755G 


NV-300 System 
(Note 9) 


EB-775/NV-310 
(Note 6) 


— 


— 


A/PD77P56G 
(Note 10) 


PA-77P56C 


//PD7756C 


NV-300 System 
(Note 9) 


EB-775/NV-310 


— 


— 


A/PD77P56CR 
(Note 10) 


PA-77P56C 


A/PD7756G 


NV-300 System 
(Note 9) 


EB-775/NV-310 
(Note 6) 


— 


— 


A/PD77P56G 
(Note 10) 


PA-77P56C 


pPD77P56CR 


NV-300 System 
(Note 9) 


EB-775/NV-310 


— 


— 


— 


PA-77P56C 


/7PD77P56G 


NV-300 System 
(Note 9) 


EB-775/NV-310 
(Note 6) 


— 


— 


— 


PA-77P56C 


/iPD7757C 


NV-300 System 
(Note 9) 


EB-775/NV-310 


— 


— 


— 


— 


//PD7757G 


NV-300 System 
(Note 9) 


EB-775/NV-310 
(Note 6) 


— 


— 


— 


— 


/YPD7759C 


NV-300 System 
(Note 9) 


EB-775/NV-310 


— 


— 


— 


— 


A/PD7759GC 


NV-300 System 
(Note 9) 


EB-775/NV-310 


— 


— 


— 


— 


pPD77501GC 


NV-300 System 
(Note 9) 


— 


— 


— 


— 


— 


/iPD77810L 


IE-77810 


— 


RA77810 


— 


- 


— 


A/PD77810R 


IE-77810 


- 


RA77810 


- 


- 


- 



Notes: 

(1) The following assemblers are available: 



ASM77-D52 

RA77C25-D52 

RA77C25-VVT1 

RA77230-D52 

RA77230-VVT1 

RA77230-VXT1 



Assembler for 7720 (MS-DOS<b) 
Assembler for 77C25 (MS-DOS) 
Assembler for 77C25 (VAX/VMS TI 
Assembler for 77230 (MS-DOS) 
Assembler for 77230 (VAX/VMS) 
Assembler for 77230 (VAX/UNIX" 
Ultrix™) 



4.2 BSD or 



(2) The following simulators are available: 
SIM77230-VVT1 Simulator for 77230 (VAX/UNIX) 
SIM77230-VXT1 Simulator for 77230 (VAX/UNIX™ 4.2 BSD or 

Ultrix) 
SM77C25 Simulator for 77C25 (IBM-PC) 

SM77230 Simulator for 77220, 77230 (IBM-PC) 

SIM77240 Simulator for 77240 (IBM-PC) 

(3) By using the specified adapter, the NEC PG-1500 EPROM 
programmer can be used to program the EPROM/OTP device. 

(4) Please check with your NEC Sales Representative on the avail- 
ability of a PLCC emulation probe. 



(5) The A/PD77P20D can be programmed using the EVAKIT-7720B. 

(6) The EB-775 comes with an emulation probe for only the 18-pin 
DIP. 

(7) Packages: 
C 
D 
G 

GC 
L 

LK 
R 
GW 

(8) DDK-77220 is supported by Hypersignal Workstation/Window, a 
DSP software platform from Hyperception. 

(9) The NV-300 current version is Version 3.0. An upgrade from 
previous versions (hardware and software) is available under the 
designation NV-301. 

(10) The NV-310 emulation board includes a simple 77P56 program- 
mer module. 



18, 28, or 40-pin plastic DIP 
28-pin ceramic DIP 
24-pin plastic SOP 
52-pin plastic QFP 
44-or 68-pin PLCC 
28-pin PLCC 
68-pin ceramic PGA 
32-pin SOP 
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Target Chip 


Socket Adapter 
(Note 1) 


Adapter Module 
(Note 2) 


Standard 27xxx EPROM Devices 


/7PD27256 (21 V) 
/iPD27256A (12.5 V) 
pPD27C256 (21 V) 


- 


027A Board 
027A Board 
027A Board 


A/PD27C256A (12.5 V) 

/iPD27C512 

/;PD27C1000 


- 


027A Board 
027A Board 
027A Board 


pPD27C1001 
/7PD27C1024 


— 


027A Board 
027A Board 


75xx Series Devices 


pPD75P54CS 

A/PD75P54G 

A/PD75P56CS 


PA-75P54CS 
PA-75P54CS 
PA-75P56CS 


04A Board 
04A Board 
04A Board 


pPD75P56G 

/;PD75P64CS 

/L/PD75P64G 


PA-75P56CS 
PA-75P54CS 
PA-75P54CS 


04A Board 
04A Board 
04A Board 


pPD75P66CS 
jiPD75P66G 


PA-75P56CS 
PA-75P56CS 


04A Board 
04A Board 


75xxx Series Devices 


pPD75P008CU 
A/PD75P008GB 
/iPD75P036CW 


PA-75P008CU 
PA-75P008CU 
PA-75P036CW 


04A Board 
04A Board 
04A Board 


A/PD75P036GC 

A/PD75P108BCW 

pPD75P108CW 


PA-75P036GC 
PA-75P108CW 
PA-75P108CW 


04A Board 
04A Board 
04A Board 


pPD75P108DW 
/iPD75P108BGF 
/iPD75P108G 


PA-75P108CW 
PA-75P116GF 
PA-75P108G 


04A Board 
04A Board 
04A Board 


/JPD75P116CW 
/JPD75P116GF 
/JPD75P216ACW 


PA-75P108CW 
PA-75P116GF 
PA-75P216ACW 


04A Board 
04A Board 
04A Board 


/JPD75P218CW 
/iPD75P218GF 
/JPD75P218KB 


PA-75P216ACW 

PA-75P218GF 

PA-75P218KB 


04A Board 
04A Board 
04A Board 


/iPD75P308GF 

/iPD75P308K 

juPD75P316GF 


PA-75P308GF 

PA-75P308K 

PA-75P308GF 


04A Board 
04A Board 
04A Board 


pPD75P316AGF 

/iPD75P316AK 

/JPD75P328GC 


PA-75P308GF 

PA-75P308K 

PA-75P328GC 


04A Board 
04A Board 
04A Board 


/L/PD75P402C 

pPD75P402CT 

A/PD75P402GB 


(Note 3) 

PA-75P402CT 

PA-75P402GB 


027A Board 
027A Board 
027A Board 


pPD75P516GF 
/JPD75P516K 


PA-75P516GF 
PA-75P516K 


04A Board 
04A Board 


78xx Series Devices 


/7PD78CP14CW 
pPD78CP1 4DW 
pPD78CP1 4G36 


PA-78CP14CW 
PA-78CP14CW 
PA-78CP14GQ 


027A Board 
027A Board 
027A Board 



Target Chip 


Socket Adapter 
(Note 1) 


Adapter Module 
(Note 2) 


J/PD78CP14GF 

/iPD78CP14L 

/JPD78CP14R 


PA-78CP14GF 

PA-78CP14L 

PA-78CP14GQ 


027A Board 
027A Board 
027A Board 


AJPD78CP18CW 
JUPD78CP18GQ 
JUPD78CP18GF 


PA-78CP14CW 
PA-78CP14GQ 
PA-78CP14GF 


027A Board 
027A Board 
027A Board 


/iPD78CP18KB 


PA-78CP14KB 


027A Board 


782xx Series Devices 


/iPD78P214CW 
A/PD78P214GC 
pPD78P214GJ 


PA-78P214CW 
PA-78P214GC 
PA-78P214GJ 


027A Board 
027A Board 
027A Board 


/JPD78P214GQ 

/7PD78P214L 

A/PD78P224GJ 


PA-78P214GQ 

PA-78P214L 

PA-78P224GJ 


027A Board 
027A Board 
027A Board 


A/PD78P224L 

/iPD78P238GC 

pPD78P238GJ 


PA-78P224L 

PA-78P238GC 

PA-78P238GJ 


027A Board 
027A Board 
027A Board 


/YPD78P238KF 
pPD78P238LQ 


PA-78P238KF 
PA-78P238LQ 


027A Board 
027A Board 


783xx Series Devices 


/JPD78P312ACW 
/JPD78P312ADW 
/JPD78P312AGF 


PA-78P312CW 
PA-78P312CW 
PA-78P312GF 


027A Board 
027A Board 
027A Board 


JUPD78P312AGQ 

//PD78P312AL 

/JPD78P312ARQ 


PA-78P312GQ 

PA-78P312L 

PA-78P312GQ 


027A Board 
027A Board 
027A Board 


fiPD78P322GJ 
A/PD78P322KC 
A/PD78P322KD 


PA-78P322GJ 
PA-78P322KC 
PA-78P322KD 


027A Board 
027A Board 
027A Board 


/iPD78P322L 

JUPD78P334GJ 

juPD78P334KE 


PA-78P322L 

PA-78P334GJ 

PA-78P334KE 


027A Board 
027A Board 
027A Board 


/iPD78P334LQ 


PA-78P334LQ 


027A Board 


V-Series Devices 


pPD70P322K 


PA-70P322L 


027A Board 


Digital Signal Processors 


/JPD77P56CR 

JUPD77P56G 

A/PD77P25C 


PA-77P56C 
PA-77P56C 
PA-77P25C 


04A Board 
04A Board 
027A Board 


pPD77P25D 

/JPD77P220R 

pPD77P230R 


PA-77P25C 

PA-77P230R 

PA-77P230R 


027A Board 
027A Board 
027A Board 



Notes: 

(1) Adapters must be purchased separately. 

(2) The 27A and 04A Adapter Modules are shipped with the PG-1500. 

(3) The pPD75P402C does not require a programming socket 
adapter. It can be plugged directly into the 027A board. 
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Figure 2. New Product Development Flow 
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Figure 3. Electrical Testing and Screening 
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Figure 5. Typical Reliability Test Results 
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Introduction 

As large-scale integration reaches a higher level of den- 
sity, the reliability of individual devices imposes a more 
profound impact on system reliability. Great emphasis has 
thus been placed on assuring device reliability. 

Conventionally, performing reliability tests and attaining 
feedback from the field are the only methods by which 
reliability has been monitored and measured. At these 
higher levels of LSI density, however, it is increasingly 
difficult to activate all of the internal circuit elements in a 
device, moreover, to detect the degradation of those 
elements by measuring characteristics across external 
terminals. As a result, testing alone may not provide 
enough information to insure today's demanding reliability 
requirements. A different philosophy and methodology is 
needed for reliability assurance. 

In orderto guarantee and improve a high level of reliability 
for large-scale integrated circuits, it is essential to build 
quality and reliability into the product. Then, conventional 
testing can be performed to confirm that the product 
demonstrates acceptable reliability. 

Built-in Quality and Reliability 

NEC has introduced the concept of total quality control 
(TQC) across its entire semiconductor product line for 
implementing this philosophy. Rather than performing 
only a few simple quality inspections, quality control is 
distributed into each process step and then summed to 
form a consolidated system. TQC involves workers, engi- 
neers, quality control staffs, and all levels of manage- 
ment in company-wide activities. Please see Figure 1 for 
the quality control system flowchart. Through TQC, NEC 
builds quality into the product and thus can assure high 
reliability. Additionally, NEC has introduced a pre-screening 
method into the production line for eliminating potentially 
defective units. This combination of building quality in and 
screening projected early failures out has resulted in 
superior quality and excellent reliability. 

Technology Description 

Most large-scale integrated circuits utilize high density 
MOS technology. State-of-the-art high performance has 
been achieved by improving fine-line generation tech- 
niques. By reducing physical parameters, circuit density 
and performance increase while active circuit power dissi- 
pation decreases. The data presented here shows that this 
advanced technology, combined with the practice of TQC, 
yields products as reliable as those from previous tech- 
nologies. 



Approaches to Total Quality Control 

TQC activities are geared towards total satisfaction of the 
customer. The success of these activities is dependent 
upon the total commitment of management to enhancing 
employee development, maintaining a customer-first atti- 
tude, and fulfilling community responsibilities. 

First, the quality control function is embedded into each 
process. This method enables early detection of possible 
causes of failure and immediate feedback. 

Second, the reliability and quality assurance policy reflects 
the beliefs and practices of the entire organization. This 
enables companywide quality control activities: at NEC, 
everyone is involved with the concept and methodology of 
total quality control. 

Third, there is an ongoing research and development effort 
to set even higher standards of device quality and reliability. 

Fourth, extensive failure analysis is performed periodically 
and appropriate corrective actions are taken as preventa- 
tive measures. Process control is based on statistical data 
gathered from this analysis. 

The new standard is continuously upgraded, and the 
iterative process continues. The goal is to maintain the 
superior product quality and reliability that has become 
synonymous with the NEC name. 

Zero Defect Activities. One of the activities that involves 
every level of the NEC staff in quality control is the Zero 
Defects (ZD) Program. As the name implies, the purpose 
of the ZD program is to minimize, if not eradicate, defects 
due to controllable causes. Such activities must involve 
each and every worker and can be most effective when 
pursued by groups of workers. The groups of workers are 
organized by consideration of the following: 

• A group must have a target to pursue 

• Several groups can be organized to pursue the com- 
mon target 

• Each group must have a responsible person 

• Each group is well supported 

The item of the group target is to be selected among items 
relating to specifications, inspections, operation standards, 
and so forth. When data made in the past is available, it is 
used to make a Pareto diagram which is reviewed for 
selection of theitem most conduciveto quality improvement. 
Records are analyzed and compared with the target, in 
orderto compute the numerical equivalents of the defects. 
Action is then taken to control these defects as required. 
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Figure 1. Quality Control System Flowchart 
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Statistical Approach. Another approach to quality control 
is the use of statistical analysis. NEC has been utilizing 
statistical analysis at each stage of LSI production devel- 
opment, trial runs, and mass production in order to build 
and maintain product quality. Some of the methods for 
implementing this statistical approach are: 

• Design of experiments 

• Control charts 

• Data analysis: Variance, correlation, regression, 

multivariance, etc. 

• Cp, Cpk study: Variables and attributes data 

(Normally, study is done on a 
monthly basis) 

Process control sheets and other QC tools are used to 
monitor various important parameters such as Cp, Cpk, X, 
X, X-R, electrical parameters, pattern dimensions, bond 
strength, test percentage defects, etc. 

The results of these studies are watched by the production 
staff, QC Engineers, and other responsible engineers. If 
any out-of-control or out-of-specification limit is observed, 
quick action is taken in accordance with corrective action 
procedures. 

Implementation of Quality Control 

Building quality into a product requires early detection of 
possible causes of failure at each process step, then 
immediate feedback to remove these causes. A fixed 
station quality inspection is often lacking in immediate 
feedback; it is therefore necessary to distribute quality 
control functions to each process step — including the 
conceptual stage. Following is a breakdown of the signifi- 
cant steps at which NEC has implemented these func- 
tions: 

• Product development 

• Incoming material inspection 

• Wafer processing 

• Chip mounting and packaging 

• Electrical testing and thermal aging 

• Outgoing material inspection 

• Reliability testing 

• Process/product changes 

New Product Development Phase. The product devel- 
opment phase includes conception of a product, review of 
the device proposal, physical element design and organi- 
zation, engineering evaluation, and finally, transfer of the 
product to manufacturing. Quality and reliability are con- 
sidered at every step. The new product development flow 
is shown in Figure 2. 



Figure 2. New Product Development Flow 
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Design. Design plays an extremely important role in 
determining the product quality and reliability. NEC be- 
lieves thatthe foundation of device quality is determined at 
the design stage. The four steps involved in the design of 
LSI devices are circuit design, mask pattern layout, proc- 
ess and product manufacturing, and package design. 
Design standards and the standardization of design steps 
have been established to maximize quality and reliability. 

Design Review. After completion of the design, a design 
review is performed. In this review, the design is compared 
with design standards and other factors which influence 
the reliability and quality. If necessary, modification or 
redesign is then performed. NEC believes that the design 
review is very essential for not only newly designed prod- 
ucts but also for product modifications. 

Trial Production/Evaluation/Mass Production. When 
the design passes the design review successfully, a trial 
run is carried out. The trial run is evaluated forthe products' 
characteristics and quality/reliability. 

Thorough evaluation is carried out by generating samples 
in which process conditions — ones that cause character- 
istic factors to change in mass production — are varied 
deliberately. In addition, reliability tests are conducted for 
durability, stress resistance, etc., to insure sufficient qual- 
ity and reliability. 

If no problems are found at this stage, the product is 
approved, after which mass production is possible. 

Prior to the transfer, the production Design Department 
prepares a production schedule, including the reliability 
and quality control steps relating to the production. Even 
after the mass-production has started, the standards for 
those production and control steps are always reexamined 
for improvements. 

Incoming Material Inspection. NEC has various pro- 
grams to control incoming materials. Some are: 

• Vendor/material qualification system 

• Purchasing specifications for materials 

• Incoming materials inspection 

• Inspection data feedback 

• Quality meetings with vendor 

• Vendor audits 

If any parts or materials are rejected at incoming inspec- 
tion, they are returned to the vendor with a rejection 
notification form which specifies the failure items and 



modes. The results of these inspections are used to rate 
the vendors for future purchasing. 

In-process Quality Inspections. Typical in-process 
quality inspections done at the wafer fabrication, chip 
mounting and packaging, and device testing stage are 
listed in Appendix 1 . 

Electrical Testing and Screening. A flowchart of the 
typical infant mortality screening (when required) and 
electrical testing is depicted in Figure 3. 

At the first electrical test, DC parameters are tested ac- 
cording to the electrical specifications on 1 00% of each lot. 
This is a prescreening prior to any infant mortality test. At 
the second electrical test, AC functional tests as well as DC 
parameter tests are performed on 100% of each lot. If the 
percentage of defective units exceeds the limit, the lot is 
subjected to rescreen. During this time, the defective units 
undergo failure analysis, the results of which are fed back 
into the process through corrective actions. 

Figure 3. Electrical Testing and Screening 



First Electrical 
Test 



100 Percent 
Lot Burn-In 



Second Electrical 
Test 



DC Parameters 
(Full AC/DC Testing 
If No 100% Burn-In) 



•Whenever Required 



DC Parameters, 
AC Functional 



No 




Warehouse Finished 
Goods Stored 



Electrical, 
Appearance, and 
Dimensions 



Reliability Assurance 
Test (RAT) Sampling 



2-6 



NEC 



Reliability and Quality Control 



Outgoing Inspection. Prior to warehouse storage, lots 
are subjected to an outgoing inspection according to the 
following sampling plan. 



Figure 4. Reliability Life (Bathtub) Curve 



Electrical test: 



• Appearance: 



DC parameters LTPD 3% 

Functional test LTPD 3% 

Major LTPD 3% 

Minor LTPD 7% 



Reliability Assurance Tests. Samples are continually 
taken prior to shipment and subjected to monitoring relia- 
bility tests. They are taken from similar process groups, so 
it maybe assumed that the samples' reliability is represen- 
tative of the reliability of the group. 

Reliability Testing 

Reliability is defined as the characteristics of an item 
expressed by the probability that it will perform a required 
function understated conditions for a stated period of time. 
This involves the concepts of probability, the definition of 
required function(s), and the critical time used in defining 
the reliability. 

Definition of a required function, by implication, treats the 
definition of a failure. Failure is defined as the termination 
of the ability of a device to perform its required function. A 
device is said to have failed if it shows the inability to 
perform within guaranteed parameters as given in an 
electrical specification. 

Discussion of reliability and failure can be approached in 
two ways: with respect to systems or to individual devices. 
Important considerations are the constant failure period, 
the early failure (infant mortality) period, and overall relia- 
bility level. 

With regard to individual devices, areas of prime interest 
include specific failure mechanisms, failures in acceler- 
ated tests, and failures in screening tests. 

The accumu lation of normal device failure rates constitutes 
the expected failure rate of the system hardware: the 
probability that no device failures will occur in a system is 
the product of each device's probability that it will not fail. 
The failure rate of system hardware is then the sum of the 
failure rates of the components used to construct the 
system. 

Life Distribution 

The fundamental principles of reliability engineering pre- 
dict that the failure rate of a group of devices will follow the 
well-known bathtub curve in Figure 4. The curve is divided 
into three regions: infant mortality, random failures, and 
wearout failures. 



a 
















n 








E 


1 






















3 










\ Infant 






Li. 


\ Mortality 








\ Period 


Random Failure Period 


Wearout / 
Period / 






Time »• 


83VQ-6937A 



Infant mortality, as the name implies, represents the early- 
life failures of devices. These failures are usually associ- 
ated with one or more manufacturing defects. 

After some period of time, the failure rate reaches a low 
value. This is the random failure portion of the curve, 
representing the useful portion of the life of a device. 
During this random failure period, there is a decline in the 
failure rate due to the depletion of potential random failures 
from the general population. 

Thewearoutfailuresoccuratthe end of the device's useful 
life. They are characterized by a rapidly rising failure rate 
over time as devices wear out both physically and electri- 
cally. 

Thus, for a device that has a very long life expectancy 
compared to the system which contains it, the areas of 
concern will be the infant mortality and the random failure 
portions of the bathtub curve. 

Failure Distribution at NEC 

In an effort to eliminate infant mortality failures, NEC 
subjects its products to production burn-in whenever nec- 
essary. This burn-in is performed at an elevated tempera- 
ture for 1 00 percent of the lots involved and is designed to 
remove the potentially defective units. 

To study the random failure population, integrated circuits 
returned to NEC from the field undergo extensive failure 
analysis at respective NEC Manufacturing Divisions. Fail- 
ure mechanisms are identified and data fed back to cogni- 
zant Production and Engineering groups. 

This data coupled with in-line data isthen used to introduce 
corrective actions and quality improvement measures. 
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After elimination of early device failures, a system will be 
left to the random failure rate of its components. Thus, in 
order to make proper projections of the failure rate of the 
system in the operating environment, failure rates must be 
predicted for the system's components. 

Infant Mortality Failure Screening 

Establishing infant mortality screening requires knowl- 
edge of the likely failure mechanisms and their associated 
activation energies. The most likely problems associated 
with infant mortality failures are generally manufacturing 
defects and process anomalies. These defects and anoma- 
lies generally consist of contamination, cracked chips, 
wire bond shorts, or bad wire bonds. Since these describe 
a number of possible mechanisms, any one of which might 
predominate at a given time, the activation energy for 
infant mortality varies considerably. 

Correspondingly, the effectiveness of a screening condi- 
tion — preferably at some stress level in order to shorten 
the screening time— varies greatly with the failure mecha- 
nism. For example, failures due to ionic contamination 
have an activation energy of approximately 1 .0 eV. There- 
fore, a 15-hour stress at 125°C junction temperature would 
be the equivalent of approximately 314 days of operation 
at a junction temperature of 55°C. On the other hand, 
failures due to oxide defects have an activation energy of 
approximately 0.3 eV, and a 15-hour stress at 125°C 
junction temperature would be the equivalent of approxi- 
mately four day's operation at 55°C junction temperature. 
As indicated by this situation, the conditions and duration 
of infant mortality screening must be strongly dependent 
on the allowable component, hence system, failures in the 
field, as well as the economic factors involved. 

Empirical data gathered at NEC indicates that early fail- 
ures (if any) occur after less than 4 hours of stress at 1 25°C 
ambient temperature. Thisfact is supported by the bathtub 
curve created from the life test results of the same lots, 
where the failure rate shows a random distribution as op- 
posed to a decreasing failure rate that runs into the random 
failure region. 

Whenever necessary, NEC has adopted this initial infant 
mortality burn-in at 1 25°C as a standard production screen- 
ing procedure. As a result, the field reliability of NEC 
devices is an order of magnitude higher than the goal set 
for NEC's integrated circuit products. 

NEC believes it is imperative that failure modes associated 
with infant mortality screens be understood andfixed atthe 
manufacturing level. If such failures can be minimized or 
eliminated, and countermeasures appropriately monitored, 
then such screens can be eliminated. 



Long-Term Failure Rate 

NEC's long-term failure rate goal, based on the mask and 
process design, is confirmed by life testing using the 
following conditions: 

• A minimum of 1 .2 million device hours (= sample size x 
test period) at 125°C should be accumulated to obtain 
the accuracy necessary for predicting a failure rate of 
0.02% per 1000 hours at 55°C with a 60% confidence 
level. 

• A minimum of 3 million device hours at 125°C should be 
accumulated to obtain the accuracy necessary for 
predicting a failure rate of 0.01% per 1 000 hours at 55°C 
with a 60% confidence level. 

Accelerated Reliability Testing 

NEC performs extensive reliability testing both at pre- 
production and post-production levels to insure that its 
products meet the minimum expectations set by NEC. 
Accelerated reliability testing results are then used to 
quantitatively monitor the reliability. 

As an example, assume that an electronic system contai ns 
1 000 integrated circuits and can tolerate 1 percent system 
failures per month. The failure rate per component is: 

1% Failures = .0014 % Failures 



720 Hours x 1000 Pes. 



1000 Hrs 
or 14 FITs 



To demonstrate this failure rate, note that 14 FITs corre- 
spond to one failure in about 85 devices during an operat- 
ing test of 10,000 hours. It is quickly apparent that a test 
condition is required to accelerate the time-to-failure in a 
predictable and understandable way. The implicit require- 
ment for the accelerated stress test is that the relationship 
between the accelerated stress testing condition and the 
condition of actual use be known. 

A most common time-to-failure relationship involves the 
effect of temperature, which accelerates many physio- 
chemical reactions which may lead to device failure. Other 
environmental conditions are voltage, current, humidity, 
vibration, or some combination of these. Appendix 2 lists 
typical reliability assurance tests performed at NEC for 
molded integrated circuits. Figure 5 shows the results of 
some of these tests for various process types, 

High-Temperature Operating Life Test. This test is used 
to accelerate failure mechanisms by operating devices at 
an elevated temperature of 125°C. The data obtained is 
translated to a lower temperature by using the Arrhenius 
relationship. 
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Figure 5. Typical Reliability Test Results 



HTB 



T/H 



PCT 



T/C 



Micro: 1 



NMOS 
CMOS 



7/19113 
(15 FIT) 

3/11892 
(5.4 FIT) 



15/9315 0/11752 
2/7293 8/9476 



Memory: 

DRAM 2 

SRAM 3 
1 MEG DRAM 4 



[HTOL] 

10/10052 
(19 FIT) 

1/10421 

38/14300 
(115 FIT) 



0/9958 0/5880 1/2995 



2/8142 0/8768 



0/3634 



1/3060 



1/1780 



Asic: 5 



CMOS 

ECL 

BCMOS 



2/3506 
(33 FIT) 

0/1080 
(8.4 FIT) 

1/895 
(18 FIT) 



1/1111 



0/1073 



1/4764 4/2680 

- 0/141 



0/935 



0/1781 



Information has been extracted from NEC Report Numbers: 
1 TRQ-89-05-0030 2 TRQ-89-01 -0021 

3 TRQ-88-09-0008 4 TRQ-89-01 -0020 

5 TRQ-89-04-0025 

High-Temperature and High-Humidity Test. Semicon- 
ductor integrated circuits are highly sensitive to the effect 
of humidity causing electrolytic corrosion between biased 
lines. The high-temperature and high-humidity test is per- 
formed to detect failure mechanisms that are accelerated 
by these conditions, such as leakage-related problems 
and drifts in device parameters due to process instability. 

High-Temperature Storage Test. Another common test 
is the high-temperature storage test, in which devices are 
subjected to elevated temperatures with no applied bias. 
This test is used to detect process instability and stress 
migration problems. 

Environmental Tests. Other environmental tests are per- 
formed to detect problems related to the package, mate- 
rial, susceptibility to extremes in environment, and prob- 
lems related to usage of the devices. 

Failure Rate Calculation/Prediction 

When predicting the failure rate at a certain temperature 
from accelerated life test data, the activation energies of 
the failure mechanisms involved should be considered. 
This is done wheneverthe exact cause of failures is known 
through failure analyses results. 



In some cases, an average activation energy is assumed 
in order to accomplish a quick first order approximation. 
NEC assumes an average activation energy of 0.7 eVfor 
such approximations. This average value has been as- 
sessed from extensive reliability test results and yields a 
conservative failure rate. 

Since most semiconductor failures are temperature de- 
pendent, the Arrhenius relationship is used to normalize 
failure rate predictions at a system operation temperature 
of 55°C. It assumes that temperature dependence is an 
exponential function that defines the probability of occur- 
rence, and that thedegradation of a performance parame- 
ter is linear with time. The Arrhenius model includes the 
effects of temperature and activation energies of the 
failure mechanisms in the following Arrhenius equation: 

A = exp -E A (T Jt - T J2 ) 



kfTj,)^) 



Where: 
A = 

T„ = 



Acceleration factor 
Activation energy 
Junction temperature (in K) 
atT A1 =55°C 
T J2 = Junction temperature (in K) 
atT A2 =125°C 
k = Boltzmann's constant 
= 8.62x10- 5 eV/K. 

Because the thermal resistance and power dissipation of 
a particular device type cannot be ignored, junction 
temperatures (T d1 and T J2 ) are used instead of ambient 
temperatures (T A1 and T A2 ). We calculate junction 
temperatures using the following formula: 

Tj = T A + (Thermal Resistance) (Power Diss, at T A ) 

In orderto estimate long term failure rate, the acceleration 
factor must be used to determine the simulated test time. 
From the high temperature operating life test results, 
failure rates can then be predicted at a 60% confidence 
level using the following equation: 

X 2 10 5 



L = 



2T 



Where: 

L = Failure rate in %/1 000 hours 

*X 2 = The tabular value of chi-squared distribution at a 
given confidence level and calculated degrees of 
freedom (2f + 2, where f = number of failures) 

T = # of equivalent device hours 
= (# of devices) x (# of test hours) 
x (acceleration factor) 
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*Since the failures of concern here are the random, not the 
infant mortality failures (that is, the end of the downward 
slope and the middle-constant-section of the bathtub curve 
in Figure 4), X 2 is determined assuming a one-sided, fixed 
time test. 

Another method of expressing failures is in FITs (failures 
in time). One FIT is equal to one failure in 1 9 hours. Since 
L is already expressed as %/1000 hours (10 _5 failure/hr), 
an easy conversion from %/1000 hours to FIT would be to 
multiply the value of L by 10 4 . 

EXAMPLE: A sample of 960 pieces was subjected to 
1000 hours 125°C burn-in. One reject was observed. 
Given that the acceleration factor was calculated to be 
34.6 using the Arrhenius equation, what is the failure rate 
normalized to 55°C using a confidence level of 60%? 
Express the failure rate in FIT: 

Solution: 

For n = 2f + 2 = 2(1) + 2 = 4, X 2 = 4.046. 

ThenL = X ^° 5 (%/1 000 hour) 

XMO 5 (%/1000hr) 

2 (# of dev.) (# of test hrs.) (accl. factor) 

(4.046) 10 5 

= _^ ^ )L = 0.0061 (%/1000 hr) 

2(960) (1000) (34.6) V ' 

Therefore, FIT = 0.0061 • (10 4 ) = 61 



Product/Process Changes 

As mentioned previously, a design review is performed for 
product modifications or changes. Once the design is 
approved, and processes altered (if necessary) for maxi- 
mum quality, the device goes through qualification testing 
to check the reliability. If the test results are acceptable, 
the product is released for mass production. 

Testing is also performed when only a process modifica- 
tion or change is made. 

The typical qualification/process change tests are listed in 
Appendix 3. 

Failure Analysis 

At NEC, failure analysis is performed not only on field fail- 
ures, but also routinely on products which exhibit defects 
during the production process. This data is closely checked 
for correlation with the production process quality informa- 
tion, inspection results, and reliability test data. Informa- 
tion derived from these failure analyses is used to improve 
product quality. 

As there are a lot of failure mechanisms of LSI devices, 
highly advanced analytical technologies are required to 
investigate such failures in detail. The standard failure 
analysis flowchart relating to the returned products from 
customers is shown in Appendix 4. 

NEC's Goals on Failure Rates 

The reject rate at customer's incoming inspection, the 
infant mortality rate, and the long term reliability, are all 
monitored and checked against NEC's quality and reliability 
targets (listed in Figure 6). 



Figure 6. NEC Quality and Reliability Targets 



Year 


Reject Rate at Customer's 
Incoming Electrical Inspection (PPM) 


Long Term Reliability (FIT) 


Infant Mortality (RT) 


Memory 
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Gate Arrays 


Memory 
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Memory 
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MOS 
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ECL 


CMOS 


ECLRAM 


MOS 


BiCMOS 


ECL 


CMOS 


ECLRAM 
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ECL 
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1988 


150 


50 


100 


1000 


300 


300 


100 


50 


100 


1000 


300 


150 


100 


100 


150 


1000 


300 


400 


1990 


100 


50 


100 


500 


200 


150 


80 


50 


80 


500 


250 


100 


80 


100 


150 


500 


250 


300 
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Summary and Conclusion 

As has been discussed, building quality and reliability into 
products is the most efficient way to ensure product 
success. NEC's approach of distributing quality control 
functions to process steps, then forming a total quality 
control system, has produced superior quality and excel- 
lent reliability. 

Prescreening, whenever necessary, has been a major 
factor in improving reliability. In addition, monthly reliabil- 
ity assurance tests have ensured high outgoing quality 
levels. 



The combination of building quality into products, effective 
prescreening of potential failures, and monitoring of relia- 
bility through extensive testing, has established a singu- 
larly high standard of quality and reliability for NEC's large- 
scale integrated circuits. 

Through a companywide quality control program, continu- 
ous research and development activities, extensive failure 
analysis, and process improvements, this higher standard 
of quality and reliability will continuously be set and main- 
tained. 
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Typical QCFlow for CMOS Fabrication 
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WAFER FABRICATION PROCESS QC FLOW (CMOS) 
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Resistivity (sampling by lot) 
Dimension (sampling by lot) 
Visual (sampling by lot) 



Oxide Thickness (sampling by lot) 

Alignment and Etching Accuracy (sampling by lot) 

Layer Resistance (sampling by day) 



Deposit Thickness (sampling by lot) 

Alignment and Etching Accuracy (sampling by lot) 

Oxide Thickness (sampling by lot) 
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Layer Resistance (sampling by lot 
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Contact Hole and Metallization Steps are Repeated Twice 
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Typical QC Flow for PLCC Assembly/Test 
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Typical QC Flow for PLCC Assembly/Test (Cont.) 
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Typical Reliability Assurance Tests 

ThelifetestsperformedbyNECconsistof high temperature mechanical tests are performed. The table below shows 

bias life (HTB), high temperature storage life (HTSL), high the conditions of the various life tests, environmentaltests, 

temperature/high humidity (T/H), and high humidity storage and mechanical tests, 
life (HHSL) tests. Additionally, various environmental and 



Test Item 


Symbol 


MIL-STD-883C 
Method 


Condition 


Remarks 


High Temperature 
Bias Life 


HTB 


1005 


T A = 125*0, V DD specified per device type. 


(Notel) 


High Temperature 
Storage Life 


HTSL 


1008 


T A = 150°C. 


(Notel) 


High Temperature/ 
High Humidity 


T/H 




T. = 85°C, RH = 85%, V nn = 5.5 V. 


(Note 1) 


High Humidity 
Storage Life 


HHSL 




T A =85°C, RH = 85%. 


(Notel) 


Pressure Cooker 


PCT 




T A =125°C, P = 2.3atm. 


(Note 1) 


Temperature Cycling 


T/C 


1010 


-65 fl Cto150«C, 1 hr/cycle. 


(Notel) 


Lead Fatigue 


C3 


2004 


90° bends. 3 bends without breaking. 


(Note 2) 


Solderability 


C4 


2003 


230 fl C, 5 sec, Rosin Base Flux. 


(Note 3) 


Soldering Heat/ 
Temperature Cycle/ 
Thermal Shock 


C6 


(Note 4) 
1010 
1011 


260°C, 10 sec, Rosin Base Flux/ 
10-1 hr cycles, -65°C to 150°C/ 
15-10 min cycles, 0°C to 100°C 


(Note 1) 



Notes: 

(1) Electrical test per data sheet is performed. Devices that exceed the data 
sheet limits are considered to be rejects. 

(2) Broken lead is considered to be a reject. 



(3) Less than 95% coverage is considered to be a reject. 

(4) MIL-STD-750A, method 2031 . 
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New Product / Process Change Tests 


Test Item 


Test Conditions 


Sample Size 


Newly 

Developed 

Product 


Shrink 
Die 


New 
Package 


Wafer 


Assembly 


High Temp. 
Operating Life 


See Appendix 2, 1000H 


20 to 50 pes 
X1 to 3 lots 

















High Temp. 
Storage Life 


T=150°C (Plastic), , 
175°C (Ceramic), 1000H 


10 to 20 pes 
X 1 to 3 lots 

















High Temp, and 
Humidity Bias Life 
(Plastic Device) 


See Appendix 2, 1000H 


20 to 50 pes 
X 1 to 3 lots 

















Pressure cooker 
(Plastic Device) 


See Appendix 2, 288H 


10 to 20 pes 
X 1 to 3 lots 


o 


o 











Thermal 
Environmental 


See Appendix 2 


10 to 20 pes 
X1 to 3 lots 





X 





X 





Mechanical 
Environmental 
(Ceramic Device) 


20G, 10 to 2000 Hz 
1500G, 0.5 ms 
20000G, 1 min 


10 to 20 pes 
X 1 to 3 lots 





X 





X 





Lead Fatigue 


See Appendix 2 


5 pes 

X 1 to 3 lots 


X 


— 


X 


- 


X 


Solderabiltty 


See Appendix 2 


5 pes 

X 1 to 3 tats 


X 


— 


X 


— 


X 


ESD 


(1)C = 200pF,R = 0n 
(2)C = 100pF,R = 1.5K£2 


20 pes 
X1 to 3 lots 








X 





X 


Long Term T/C 


See Appendix 2, 1000 cy 


10 to 50 pes 
X 1 to 3 lots 


















- Performed X - Perform if Necessary — Not Performed 
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Appendix 4 

Failure Analysis Flowchart 



INFORMATION 
Failure mode: 
Situation, When Failure 
Appeared: etc. 




Semi-Destructive 
Analysis 



Test correlation 
May be Needed 



Due to the Case: X-ray Fluoroscope, 
Hermetlcal Test, Dew-point Test, 
Curvetracer Check, etc. 



Decapsulation, Internal Visual 
Check, Electrical Measurement, 
Circuit Analysis 



Not 
Clear 



Destructive 
Analysis 



Failure 
Report 



Etching the Passivation, etc. 
SEM, XMA, Cross-section, etc. 



Estimation of Causes 
Countermeasures 
Corrective Action 
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16-Bit CPUs 



Section 3 
16-Bit CPUs 




MPD70108 (V20), 701 08H (V20H) 

16-Bit Microprocessor: 
High-Performance, CMOS 


3a 


jiPD70116 (V30), 701 16H (V30H) 

16-Bit Microprocessor: 
High-Performance, CMOS 


3b 


/iPD70208 (V40) 

8/16-Bit Microprocessor: 
High-Integration, CMOS 


3c 


pPD70216 (V50) 

16-Bit Microprocessor: 
High-Integration, CMOS 


3d 


MPD70136 (V33) 

16-Bit Microprocessor: 
High-Speed, CMOS 


3e 


*tPD70236 (V53) 

16-Bit Microprocessor: 
High-Speed, High-Integration, CMOS 


3f 
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AtPD70108 (V20), 70108H (V20H) 

16-Bit Microprocessor: 

High-Performance, CMOS 



Description 

The//PD701 08 (V20®) is a CMOS 16-bit microprocessor 
with internal 16-bit architecture and an 8-bit external 
data bus. The^PD70108 instruction set is a superset of 
the//PD8086/8088; however, mnemonics and execution 
times are different. The//PD70108 additionally has a 
powerful instruction set including bit processing, 
packed BCD operations, and high-speed multiplication/ 
division operations. TheyuPD70108 can also execute 
the entire 8080 instruction set and comes with a 
standby mode that significantly reduces power con- 
sumption. It is software-compatible with the/uPD701 16 
16-bit microprocessor. 

The H-series microprocessors are fully static devices 
that offer operating frequencies to 16 MHz, lower 
power consumption, and no restriction on minimum 
clock frequency from dc to 16 MHz. 

Features 

□ Minimum instruction execution time: 250 ns 
at 8 MHz, 200 ns at 10 MHz, 125 ns at 16 MHz 

□ Maximum addressable memory: 1 Mbyte 

□ Abundant memory addressing modes 

□ 14 x 16-bit register set 

□ 101 instructions 

D Instruction set is a superset of //PD8086/8088 
instruction set 

□ Bit, byte, word, and block operations 

□ Bit field operation instructions 

□ Packed BCD instructions 

□ Multiplication/division instruction execution time: 
2.4 to 7.1 /is at 8 MHz, 1 .9 to 5.7 /is at 10 MHz 

□ High-speed block transfer instructions: 

1 Mbyte/s at 8 MHz, 1.25 Mbyte/s at 10 MHz 

□ High-speed calculation of effective addresses: 

2 clock cycles in any addressing mode 

□ Maskable (INT) and nonmaskable (NMI) 
interrupt inputs 

□ IEEE-796 bus compatible interface 

□ 8080 emulation mode 

□ CMOS technology 

□ Low power consumption 

□ Low-power standby mode 

□ Minimum-power Stop mode (H-Series) 

□ Single power supply; 5-V and 3-V specifications 

□ Maximum operating frequencies: 8 to 16 MHz 

V20 is a registered trademark of NEC Corporation. 



Ordering Information 



Part 
Number 


Max Frequency 
of Operation 


Package Type 


Standard Series 


//PD70108C8 


8 MHz 


40-pin plastic DIP 


C10 


10 MHz 




L8 


8 MHz 


44-pin PLCC 


L10 


10 MHz 




GC8 


8 MHz 


52-pin plastic QFP 


GC10 


10 MHz 


(P52GC-100-3B6) 


H-Series 


juPD70108HC10 


10 MHz 


40-pin plastic DIP 


HC12 


12 MHz 




HC16 


16 MHz 





HL10 



10 MHz 



44-pin PLCC 



HL12 



12 MHz 



HL16 



16 MHz 



HGC10 10 MHz 



HGC12 12 MHz 



52-pin plastic QFP 
(P52GC-100-3B6) 



HGC16 16 MHz 



Pin Configurations 

40-Pin Plastic DIP 











ICC 


1 W 40 


HVDD 


A14 C 


2 


39 


DA15 


A13C 


3 


38 


3 A16/PS0 


A12C 


4 


37 


3 A17/PS1 


A11C 


5 


36 


3 A18/PS2 


A10 c 


6 


35 


3 A19/PS3 


A 9 C 


7 


34 


3 LBS0 [HIGH] 


a 8 c 


8 


33 


3 S/LG 


AD 7 c 


9 


32 


3 RD 


AD 6 r; 


10 fjPD 31 


3 HLDRQ [RQ/AKO] 


AD5C 


11 70108 30 


HHLDAK[RQ/AK1] 


AD 4 C 


12 


29 


3 WR [BUSLOCK] 


AD3C 


13 


28 


3 IO/M [BS2] 


AD2C 


14 


27 


3 BUFR/W[BS1] 


AD1 C 


15 


26 


3 BUFEN [BSo] 


ADoC 


16 


25 


DASTB[QSo] 


NMI C 


17 


24 


3 INTAK [QS1] 


INT C 


18 


23 


UPOLL 


CLK C 


19 


22 


3 READY 


GND C 


20 


21 


3 RESET 
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Pin Configurations (cont) 

44-Pln Plastic Leaded Chip Carrier (PLCC) 



Pin Identification 





lO 1" 

ft * 

x 12 1° 


* — 

g Jo 




O Ik Ik 








ca cyj ^ SL 




CO £ O * 


3 IB * 


Z 




|Si« SS^is'E 


1U 


u 


<jwlocxxlS2(n 


3 


z 


m 




n 


nnnnnnnnnn 














CO 


OCOCOOCOCOCOCOCOCM 




A18/PS2 C 


40 


28 


3 ASTB [QSo] 


A17/PS1 C 


41 


27 


D INTAK [QSi] 


A16/PS0 C 


42 


26 


UPOLL 


A15C 


43 


25 


D READY 


VddC 


44 


24 

n " PD 23 

U 70108 Z3 


D RESET 


GND C 


1 


HGND 


ICC 


2 


22 


HGND 


A14C 


3 


21 


HCLK 


A13C 


4 


20 


DINT 


A12C 


5 


19 


UNMI 


A11 C 


6 


18 


3NC 




.. 1- 


Or-CM««tin«OK 




"LT 


uuuuuuuuuu 








<<OQQQQQQQ 




<<<<<<<< 
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52-Pln Plastic QFP 








NC 

A19/PS3 

LBSO [HIGH] 

S/LG 

RD 

HLDRQ [RQ/AKo] 

NC 

HLDAK [RQ/AKi] 


WR [BUSLOCK] 
IO/M [BS2] 
BUFR/W [BSl] 



</> 
CD 

z 

UJ 

u. 
3 O 

ca z 




nnnnnnnnnnnnn 






Nroaas»n«n«ro 
niois««««*««««* 




A18/PS2 c 


1 Q 39 


I] ASTB [QSo] 


A17/PS1 c 


2 38 


3 INTAK [QS1] 


A16/PS0 c 


3 37 


DPOLL 


A15C 


4 36 


H READY 


VddC 


5 35 


3 RESET 


VddC 


6 » n 34 

7 " PD 33 
7 70108 JJ 


3 GND 


GNDC 


3 GND 


GND C 


8 32 


DNC 


ICC 


9 31 


HGND 


A14C 


10 30 


HCLK 


A13C 


11 29 


DINT 


A12C 


12 28 


JINMI 


A11 c 


13 27 

VIAIOhWOOrNn^lAtt 


DNC 




UUULILJULIUULILIUU 
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Symbol 


Direction 


Function 


IC* 




Internally connected 


A14 " As 


Out 


Address bus, middle bits 


AD 7 - AD 


In/Out 


Address/data bus 


NMI 


In 


Nonmaskable interrupt 
input 


INT 


In 


Maskable interrupt input 


CLK 


In 


Clock input 


GND 




Ground potential 


RESET 


In 


Reset input 


READY 


In 


Ready input 


POLL 


In 


Poll input 


INTAK (QSi) 


Out 


Interrupt acknowledge 
output (queue status bit 1 
output) 


ASTB (QS ) 


Out 


Address strobe output 
(queue status bit output) 


BUFEN (BS ) 


Out 


Buffer enable output (bus 
status bit output) 


BUFR/W (BS!) 


Out 


Buffer read/write output 
(bus status bit 1 output) 


I0/M (BS 2 ) 


Out 


Access is I/O or memory 
(bus status bit 2 output) 


WR (BUSLOCK) 


Out 


Write strobe output (bus 
lock output) 



HLDAK (RQ/AKi) 



Out Holdacknowledgeoutput, 

(In/Out) (bus hold request 
input/acknowledge 
output 1) 



HLDRQ (RQ/AKo) 


In' 1 
(In/Out) 


Hold request input (bus hold 
request input/acknowledge 
output 0) 


RD 


Out 


Read strobe output 


S/LG 


In 


Small-scale/large-scale 
system input 


LBSO (HIGH) 


Out. 


Latched bus status output 
(always high in large-scale 
systems) 


A19/PS3- 
Aie/PSo 


Out 


Address bus, high bits or 
processor status output 


A15 


Out 


Address bus, bit 15 


Vdd 




Power supply 



Notes: * IC should be connected to ground. 

Where pins have different functions in small- and large- 
scale systems, the large-scale system pin symbol and 
function are in parentheses. 

Unused input pins should be tied to ground or Vprj to 
minimize power dissipation and prevent the flow of poten- 
tially harmful currents. 
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Block Diagram 



Internal Address/Data Bus 



^> 



/ V 



t 



Qz 



<^ 



} 



C=> 




Bus 
Buffer 



A16/PS0 - A19/PS3 
As— A15 



( 8 ) AD0-AD7 




LBSO 

BUFEN [BS ], BUFR/W [BSi] 

IO/M [BS2I 

AST B [QSp], INTAK [QS1] 
RD, WR [BUSLOCK] 



T-State 
Control 



2£ 



Bus Hold 
Control 



HLDRQ [RQ/AKo] 



Cycle 
Decision 



IE 



Interrupt 
Control 






* 



-»- HLDAK [RQ/AK1I 



NMI 
INT 



Queue 
Control 



Standby 
Control 



Bus 
Control 

Unit 
[BCU] 



Effective Address 
Generator 



Execution 
Unit 
[EXU1 



} 



^> 



Microinstruction 
Storage 



29 \ Micro I 



Microsequence 
Control 



Instruction Decoder 



Sub Data Bus [16] 



Main Data Bus [16] 
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Pin Functions 

Some pins of the /yPD70108 have different functions 
according to whether the microprocessor is used in a 
small- or large-scale system. Other pins function the 
same way in either type of system. 

A-|5 - As [Address Bus] 

For small- and large-scale systems. 

The CPU uses these pins to output the middle 8 bits of 
the 20-bit address data. They are three-state outputs 
and become high impedance during hold acknowledge. 

AD7 - A Do [Address/ Data Bus] 

For small- and large-scale systems. 

The CPU uses these pins as the time-multiplexed 
address and data bus. When high, an AD bit is a one; 
when low, an AD bit is a zero. This bus contains the 
lower 8 bits of the 20-bit address during T1 of the bus 
cycle and is used as an 8-bit data bus during T2, T3, 
and T4 of the bus cycle. 

Sixteen-bit data I/O is performed in two steps. The low 
byte is sent first, followed by the high byte. The ad- 
dress/data bus is a three-state bus and can be at a high 
or low level during standby mode. The bus will be high 
impedance during hold and interrupt acknowledge. 

NMI [Nonmaskable Interrupt] 

For small- and large-scale systems. 

This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter- 
rupt processing begins, however, after completion of 
the instruction in progress. 

The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 

This interrupt will cause the /UPD70108 to exit the 
standby mode. 

INT [Maskable Interrupt] 

For small- and large-scale systems. 

This pin is an interrupt request that can be masked by 
software. 

INT is active high level and is sensed during the last 
clock of the instruction. The interrupt will be accepted 
if the interrupt enable flag IE is set. The CPU outputs 
the INTAK signal to inform external devices that the 
interrupt request has been granted. INT must be 
asserted until the interrupt acknowledge is returned. 

If NMI and INT interrupts occur at the same time, NMI 
has higher priority than INT and INT cannot be 



accepted. A hold request will be accepted during INT 
acknowledge. 

This interrupt causes the yuPD701 08 to exit the standby 
mode. 

CLK [Clock] 

For small- and large-scale systems. 

This pin is used for external clock input. 

RESET [Reset] 

For small- and large-scale systems. 

This pin is used for the CPU reset signal. It is an active 
high level. Input of thissignal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. 

In addition to causing normal CPU start, RESET input 
will cause the /l<PD701 08 to exit the standby mode. 

READY [Ready] 

For small- and large-scale systems. 

When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 

If the READY signal is active (high level) during either 
the T3 or Tw state, the CPU will not generate a wait 
state. READY is not synchronized internally. To 
guarantee correct operation external logic must ensure 
that setup and hold times relative to CLK are met. 

POLL [Poll] 

For small- and large-scale systems. 

The CPU checks this input upon execution of the POLL 
instruction. If the input is low, then executio n cont inues. 
If the input is high, the CPU will check the POLL input 
every five clock cycles until the input becomes low 
again. 



The POLL and READY functions are used to syn- 
chronize CPU program execution with the operation of 
external devices. 

RD [Read Strobe] 

For small- and large-scale systems. 

The CPU outputs this strobe signal during data read 
from an I/O device or memory. The IO/M signal is used 
to select between I/O and memory. 

The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 
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S/LG [Small/Large] 

For small- and large-scale systems. 

This signal determines the operation mode of the CPU. 
This signal is fixed at either a high or low level. When 
this signal is a high level, the CPU will operate in small- 
scale system mode, and when low, in the large-scale 
system mode. A small-scale system will have at most 
one bus master such as a DMA controller device on the 
bus. A large-scale system can have more than one bus 
master accessing the bus as well as the CPU. 



INTAK [Interrupt Acknowledge] 

For small-scale systems. 

The CPU generates the INTAK signal low when it 
accepts an INT signal. 

The interrupting device synchronizes with this signal and 
outputs the int errupt v ector to the CPU via the data bus 
(AD 7 - AD ). INTAK is a held at a high level in the 
standby mode. 

ASTB [Address Strobe] 

For small-scale systems. 

The CPU outputs this strobe signal to latch address 
information at an external latch. 

ASTB is held at a low level during standby mode and 
hold acknowledge. 

BUFEN [Buffer Enable] 

For small-scale systems. 

This is used as the output enable signal for an external 
bidirectional buffer. TheCPU generates thissignal during 
data transfer operations with external memory or 
I/O devices or during input of an interrupt vector. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

BUFR/W [Buffer Read/Write] 

For small-scale systems. 

The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
external device; a low signal causes data transfer from 
the external device to the CPU. 

BUFR/W is a three-state output and becomes high 
impedance during hold acknowledge. 

IO/M [lO/Memory] 

For small-scale systems. 

The CPU generates this signal to specify either I/O 
access or memory access. A high-level output specifies 
I/O and a low-level signal specifies memory. 



lO/M's output is three state and becomes high 
impedance during hold acknowledge. 

WR [Write Strobe] 

For small-scale systems. 

The CPU generates this strobe signal during data write 
to an I/O device or memory. Selection of either I/O or 
memory is performed by the IO/M signal. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

HLDAK [Hold Acknowledge] 

For small-scale systems. 

The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, and the control lines become high impedance. 

HLDRQ [Hold Request] 

For small-scale systems. 

This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 

LBSO [Latched Bus Status 0] 

For small-scale systems. 

The GPU uses this signal along with the IO/M and 
BUFR/W signals to inform an external device what the 
current bus cycle is. 



IO/M 


BUFR/W 


LBSO 


Bus Cycle 











Program fetch 








1 


Memory read 





1 





Memory write 





1 


1 


Passive state 


1 








Interrupt acknowledge 


1 





1 


I/O read 


1 


1 





I/O write 


1 1 1 Halt 



ArPD70108(V20) 



NEC 



A19/PS3 - A16/PS0 [Address Bus/Processor Status] 

For small- and large-scale systems. 

These pins are time multiplexed to operate as an 
address bus and as processor status signals. 

When used as the address bus, these pins are the high 4 
bits of the 20-bit memory address. During I/O access, 
all 4 bits output data 0. 

The processor status signals are provided for both 
memory and I/O use. PS3 is always in the native mode 
and 1 in 8080 emulation mode. The interrupt enable 
flag (IE) isonpinPS2- PinsPSi and PS indicate which 
memory segment is being accessed. 



A 17 /PS, 


A 16 /PS 


Segment 








Data segment 1 





1 


Stack segment 


1 





Program segment 


1 


1 


Data segment 



The output of these pins is three state and becomes 
high impedance during hold acknowledge. 

QS1, QSo [Queue Status] 

For large-scale systems. 

The CPU uses these signals to allow external devices, 
such as the floating-point arithmetic processor chip, 
(//PD72091) to monitor the status of the internal CPU 
instruction queue. 



QS, 


QS 


Instruction Queue Status 








NOP (queue does not change) 





1 


First byte of instruction 


1 





Flush queue 


1 1 Subsequent bytes of instruction 



The instruction queue status indicated by these signals 
is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU's program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. These outputs are held at a low level in the 
standby mode. 

BS2 - BSo [Bus Status] 

For large-scale systems. 

The CPU uses these status signals to allow an external 
bus controller to monitor what the current bus cycle is. 



The external bus controller decodes these signals and 
generates the control signals required to perform 
access of the memory or I/O device. 



BS 2 


BS, 


BS 


Bus Cycle 











Interrupt acknowledge 








1 


I/O read 





1 





I/O write 





1 


1 


Halt 


1 








Program fetch 


1 





1 


Memory read 


1 


1 





Memory write 


1 1 1 Passive state 



The output of these signals is three state and becomes 
high impedance during hold acknowledge. These out- 
puts are held at high level in the standby mode. 

BUSLOCK [Bus Lock] 

For large-scale systems. 

The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction, or during an interrupt 
acknowledge cycle. It is a status signal to the other bus 
masters in a multiprocessor system, inhibiting them 
from using the system bus during this time. 

The output of this signal is three state a nd becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during standby mo de except if the HALT 
instruction has a BUSLOCK prefix, then it is held low. 

RQ/AK-i, RQ/AKn [Hold Request/ Acknowledge] 

For large-scale systems. 

These pins function as bus hold request inputs (RQ) 
and as bus hold acknowledge outputs (AK). RQ/AKq 
has a higher priority than RQ/AK-|. 

These pins have three-state outputs with on-chip pull- 
up resistors which keep the pin at a high level when the 
output is high impedance. 

Vdd [Power Supply] 

For small- and large-scale systems. 

This pin is used for the +5 V power supply. 

GND [Ground] 

For small- and large-scale systems. 

This pin is used for ground. 

IC [Internally Connected] 

This pin is used for tests performed at the factory by 
NEC. The //PD70108 is used with this pin at ground 
potential. 
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Absolute Maximum Ratings 

T A = +25°C 



Power supply voltage, Vqd 


-0.5 V to +7.0 V 


Power dissipation, PDmax 


0.5 W 


Input voltage, V| 


-0.5 V to V DD + 0.3 V 


CLK input voltage, V|< 


-0.5VtoV DD + 1.0V 


Output voltage, Vn 


-0.5 V to V DD + 0.3 V 


Operating temperature at 5 MHz, Tqpt 


-40°Cto+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Capacitance 

T A = +25°C,V DD = 0V 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


Input capacitance 


Ci 


15 


pF 


fc = 1MHz 
Unmeasured pins 
returned to V 


I/O capacitance 


C|0 


15 


PF 



Supply current 



DC Characteristics 

T A = -10°C to +70 °C, V DD = +5 V ± 5% 














Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage high 


V|H 


2.2 




Vdd+0.3 


V 




Input voltage low 


V|L 


-0.5 




0.8 


V 




CLK input voltage high 


V«H 


3.9 




V D d + 1.0 


V 




CLK input voltage low 


Vkl 


-0.5 




0.6 


V 




Output voltage high 


VfJH 


0.7xV DD 






V 


I o h = -400/uA 


Output voltage low 


Vol 






0.4 


V 


Iol = 2.5 mA 


Input leakage current high 


•lih 






10 


//A 


V| = V 0D 


Input leakage current low 


lUL 






-10 


/"A 


V, = V 


Output leakage current high 


Iloh 






10 


//A 


v = v DD 


Output leakage current low 


•lol 






-10 


/*A 


V = V 



•dd 



70108-8 
8 MHz 



70108-10 
10 MHz 



45 


80 


mA 


Normal operation 


6 


12 


mA 


Standby mode 


60 


100 


mA 


Normal operation 



14 



mA 



Standby mode 
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AC Characteristics 

T A = -10°C to +70°C, V DD = +5 V ± 5% 




Symbol 


//PD70108-8 
Miiu. Max 


//PD70108-10 


Unit 




Parameter 


Min 


Max 


Conditions 


Small/Large Scale 


Clock cycle 


tfJYK 


125 


500 


100 


500 


ns 




Clock pulse width high 


tKKH 


44 




41 




ns 


V KH = 3.0V 


Clock pulse width low 


tKKL 


60 




49 




ns 


V K L = 15V 


Clock rise time 


l KR 




10 




5 


ns 


1.5 V to 3.0 V 


Clock fall time 


tKF 




10 




5 


ns 


3.0 V to 1.5 V 


READY inactive setup to CLKl 


tSRYLK 


-8 




-10 




ns 




READY inactive hold after CLKt 


*HKRYH 


20 




20 




ns 




READY active setup to CLKt 


tSRYHK 


tKKL -8 




tKKL -10 




ns 




READY active hold after CLKt 


tHKRYL 


20 




20 




ns 




Data setup time to CLK I 


*SDK 


20 




10 




ns 




Data hold time after CLK i 


l HK0 


10 




10 




ns 




NMI, INT, POLL setup time 
to CLK t 


tSIK 


15 




15 




ns 




Input rise time (except CLK) 


t|R 




20 




20 


ns 


0.8 V to 2.2 V 


Input fall time (except CLK) 


t|F 




12 




12 


ns 


2.2 V to 0.8 V 


Output rise time 


*0R 




20 




20 


ns 


0.8 V to 2.2 V 


Output fall time 


tOF 




12 




12 


ns 


2.2 V to 0.8 V 


Small Scale 



Address delay time from CLK \ 


tDKA 


10 


60 


10 


48 


ns 


Address hold time from CLK J 


tHKA 


10 




10 




ns 


PS delay time from CLK i 


trjKP 


10 


60 


10 


50 


ns 


PS float delay time from CLK t 


*FKP 


10 


60 


10 


50 


ns 


Address setup time to ASTB 1 


tSAST 


tKKL-30 




tKKL-30 




ns 


Address float delay time from 
CLK J 


l FKA 


tHKA 


60 


tHKA 


50 


ns 


ASTB t delay time from CLK i 


tDKSTH 




50 




40 


ns 


ASTB I delay time from CLK t 


tDKSTL 




55 




45 


ns 


ASTB width high 


tSTST 


tKKL-10 




tKKL-10 




ns 



e L = 100 pF 



Address hold time from ASTB i tnsTA Ikkh ~ 10 %h -10 
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AC Characteristics (cont) 

T A = -10°C to +70 °C, V DD = +5 V ± 5% 
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Unit 




Parameter Symbol 


Min Max 


Min Max 


Conditions 


Small Scale (cont) 



Control delay time from CLK 



Address float to RDi 



RD i delay time from CLK 1 



RD t delay time from CLK I 



Address delay time from RD t 



RD width low 



Data output delay time from 
CLKi 



Data float delay time from 
CLK I 



WR width low 



HLDRQ setup time to CLK t 



HLDAK delay time from CLK i 



tDKCT 



10 



65 



10 



55 



*AFRL 



l DKRL 



10 



10 



70 



l DKRH 



10 



80 



10 



60 



*DRHA 



tfJYK - 40 



t C YK - 35 



tRR 



2t C YK-50 



2t CY K-40 



tDKD 



10 



60 



10 



50 



*FKD 



10 



60 



10 



50 



tww 



2t C YK-40 



2t CY K-35 



tSHQK 



20 



20 



tDKHA 



10 



100 



10 



60 



C L = 100 pF 



Large Scale 



Address delay time from CLK 1 



Address hold time from CLK J 



PS delay time from CLK I 



PS float delay time from CLK t 



Address float delay time from 
CLK I 



Address delay time from RD t 



ASTB delay time from BS 1 



BS i delay time from CLK t 



BS t delay time from CLKi 



RD i delay time from address 
float 



RD I delay time from CLK 



RD t delay time from CLKi 



RD width low 



Date output delay time from 
CLKi 



Data float delay time from 
CLKi 



AK delay time from CLK I 



RQ setup time to CLK t 



RQ hold time from CLK t 



RQ hold time from CLK t 



*DKA 



60 



10 



48 



*HKA 



10 



10 



*DKP 



10 



60 



10 



50 



tFKP 



10 



60 



10 



50 



*FKA 



tHKA 



60 



*HKA 



50 



l DRHA 



t C YK - 40 



t C YK -35 



tDBST 



15 



15 



*DKBL 



10 



60 



10 



50 



tDKBH 



10 



65 



10 



50 



tDAFRL 



tDKRL 



10 



80 



10 



70 



l DKRH 



10 



10 



60 



tRR 



2t CY K-50 



2t CY K-40 



tDKD 



10 



60 



10 



50 



*FKD 



10 



60 



10 



50 



*DKAK 



50 



40 



tSRQK 



10 



l HKRQ 



*HKRQ2 



30 



20 



ns 



C L = 100 pF 
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Timing Waveforms 



AC Test Input Waveform [Except CLK] 

2.2V 2^2V 

£ZX >~"- <x ~ 

0.8V 0.8V 

AC Output Test Points 

2.2V 2.2V 

ZXEEiEEIXZ 



Clock Timing 




Wait [Ready] Timing 



Ready 



\ 



z( 



HKRYL 



* READY input level must not be changed during this interval. 

POLL, NMI, INT Input Timing 



X 



BUSLOCK Output Timing 




10 
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Timing Waveforms (cont) 



Read Timing [Small Scale] 



i 




\ 



/ 



X 



:e 



Write Timing [Small Scale] 

T4 T1 T2 T3 T4 




J 'V 



y 



\ 



JF- 



<JC 



X 



X 



X 



Read Timing [Large Scale] 

,T4 T1 T2 T3 




ASTB 
(71088 
Output) 



\ 



/^~\ 



Al5 ' Aa )[ 



J 



\ 



/ 



— ZDZZXZDCZX 






>c 



Write Timing [Large Scale] 

T4 T1 T2 T3 



A 19 /PS 3 - 
A 16 /PS 



)( Program Status ^— jf— 



fe 



J»-«o 



ASTB 
(71088 
Output) 



y^v 



x 



y 



A15 - As X 



y 



_/\ A A A A_ 



3€ 
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SEC 



Timing Waveforms (cont) 



Interrupt Acknowledge Timing 




r\ 



R/W \_ 



<s 



\ 



y~\ 



/ 



X K 



\ 



\ 



f 



* : Large Scale Mode Only 



y 



■\ r 



Hold Request/Acknowledge Timing [Small Scale] 




• : A 19 /PS 3 - A 16 /PS , A 15 - A 8 , AD 7 - AD„, RD, LBS„, IO/M, BUFR/W, WR BUFEN 



12 



SEC 
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Timing Waveforms (cont) 



CLK 



tDKAK- 



-StCYK- 



•hkhqi- 



d 



-tSRQK tDKAK- 



-tHKRQ2 



¥ \J *A 



■2tcYK" 



-tDKAK 



/ <\J 



Pulse 1 RQ 
70108 Input 



Pulss 2 AK 
70108 Output 



■#■ 



701 08 



■#■ 



-tFKA 



X 



* A t 9/PS3-A, 6 /PSb , AD, s-ADo, BS2 -BSq, RD, BUSLOCK 



Pulsa 3 RQ 
70108 Input 



-Jh 



Coprocessor 



-rff- 
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Register Configuration 

Program Counter [PC] 

The program counter is a 16-bit binary counter that 
contains the segment offset address of the next 
instruction which the EXU is to execute. 

The PC increments each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 

Prefetch Pointer [PFP] 

The prefetch pointer (PFP) is a 16-bit binary counter 
which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next byte for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 

The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded into the PFP whenever a branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, DSo, and DS-|] 

The memory addresses accessed by the a<PD701 08 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 1 6-bit 
segment register, and the offset from this starting 
address is specified by the contents of another register 
or by the effective address. 

These are the four types of segment registers used. 



Segment Register 


Default Offset 


PS (Program Segment) 


PFP 


SS (Stack Segment) 


SP, effective address 


DS (Data Segment 0) 


IX, effective address 


DS-| (Data Segment 1) 


IY 



General-Purpose Registers [AW, BW, CW, and DW] 

There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two 8-bit 
registers by dividing them into their high and low bytes 
(AH, AL, BH, BL, CH, CL, DH, DL). 

Each register is also used as a default register for 
processing specific instructions. The default assign- 
ments are: 

AW: Word multiplication/division, word I/O, data 
conversion, translation, BCD rotation. 



AL: Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH: Byte multiplication/division 

BW: Translation 

CW: Loop control branch, repeat prefix 

CL: Shift instructions, rototation instructions, 
BCD operations 

DW: Word multiplication/division, indirect 
addressing I/O 

Pointers [SP, BP] and Index Registers [IX, IY] 

These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 

These registers can also be used for data transfer and 
arithmetic and logical operations in the same manner 
as the general-purpose registers. They cannot be used 
as 8-bit registers. 

Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 



SP 
IX 
IY 



Stack operations 

Block transfer (source), BCD string operations 

Block transfer (destination), BCD string operations 



Program Status Word [PSW] 

The program status word consists of the following six 
status and four control flags. 

Status Flags Control Flags 

• V (Overflow) • MD (Mode) 

• S (Sign) • DIR (Direction) 

• Z (Zero) • IE (Interrupt Enable) 

• AC (Auxiliary Carry) • BRK (Break) 

• P (Parity) 

• CY (Carry) 

When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 

PSW 



15 


14 


13 


12 


11 


10 98765432 





M 
D 


1 


1 


1 


V 


D IBSZ0A0P 
1 E R C 
R K 


c 

Y 



The status flags are set and reset depending upon the 
result of each type of instruction executed. 

I nstructions are provided to set, reset, and complement 
the CY flag directly. 

Other instructions set and reset the control flags and 
control the operation of the CPU. 

The MD flag can be set/reset only by the BRKEM, 
RETEM, CALLN, and RETI instructions. 



NEC 



//PD70108(V20) 



High-Speed Execution of Instructions 

This section highlights the major architectural features 
that enhance the performance of theyuPD70108. 

• Dual data bus in EXU 

• Effective address generator 

• 16/32-bit temporary registers/shifters (TA, TB) 

• 16-bit loop counter 

• PC and PFP 

Dual Data Bus Method 

To reduce the number of processing steps for in- 
struction execution, the dual data bus method has 
been adopted for the /yPD70108 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 16 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
reduced by some 30% over single-bus systems. 

Figure 1. Dual Data Buses 



C 



Registers 



A— 




V 



Main data bus 

83-0001 03A 



Example 

ADD AW, BW 
Single Bus 

Step 1 TA — AW 
Step 2 TB ^ BW 



AW *- AW + BW 
Dual Bus 

TA — AW, TB «— BW 
AW ^ TA + TB 



Step 3 AW — TA + TB 

Effective Address Generator 

The Effective Address Generator (EAG) (figure 2) is a 
dedicated block of high-speed logic that computes 
effective addresses in two clock cycles. If an instruction 
uses memory, EAG decodes the second and/or third 
instruction bytes to determine the addressing mode, 
initiates any bus cycles needed to fetch data required 
to compute the effective address, and stores the 
computed effective address in the Data Pointer (DP) 
register. 

Calculating an effective address by the microprogram- 
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for 
addresses to be generated for any addressing mode. 
Thus, processing is several times faster. 



Figure 2. 


Effective Address Generator 






2nd or 3rd byte of Instruction 


S3IH-S535A 


mod rim 


" 


EA Generator 


Effective 


Address 



16/32-Bit Temporary Registers/Shifters [TA, TB] 

These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and shift/ 
rotation instructions. 

These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 
than with the microprogramming method. 

TA + TB: 32-bit temporary register/shifter for multi- 
plication and division instructions. 

TB: 16-bit temporary register/shifter for shift/rotation 
instructions. 



15 



/jPD70108(V20) 



NEC 



Loop Counter [LC] 

This counter is used to count the number of loops for a 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/rotation in- 
struction. 

The processing performed for a multiple bit rotation of 
a register is shown below. The average speed is 
approximately doubled overthe microprogram method. 

Example 

RORC AW, CL ;CL = 5 

Microprogram method LC method 

8 +(4x5) = 28 clocks 7 + 5 = 12 clocks 

Program Counter and Prefetch Pointer [PC and PFP] 

The/uPD70108 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer(PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 

Enhanced Instructions 

In addition to the //PD8088/86 instructions, the 
//PD70108 has the following enhanced instructions. 



Instruction 


Function 


PUSH imm 


Pushes immediate data onto stack 


PUSHR 


Pushes 8 general registers onto stack 


POPR 


Pops 8 general registers from stack 


MULimm 


Executes 16-bit multiply of register or memory contents 
by immediate data 



SHLimm8 
SHRimm8 
SHRAimm8 
R0Limm8 
ROR imm8 
ROLC imm8 
RORC imm8 



Shifts/ rotates register or memory by immediate 
value 



CHKINO 



Checks array index against designated boundaries 



INM 



Moves a string from an I/O port to memory 



OUTM 



Moves a string from memory to an I/O port 



PREPARE Allocates an area for a stack frame and copies previous 

frame pointers 



DISPOSE 



Frees the current stack frame on a procedure exit 



Enhanced Stack Operation Instructions 

PUSH imm 

This instruction allows immediate data to be pushed 
onto the stack. 

PUSHR/POPR 

These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 

Enhanced Multiplication Instructions 

MUL reg16, imm16/MUL mem16, imm 16 

These instructions allow the contents of a register or 
memory location to be 16-bit multiplied by immediate 
data. 

Enhanced Shift and Rotate Instructions 

SHL reg, imm8/SHR reg, imm8/SHRA reg, imm8 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, imm8/ROR reg, imm8/ROLC reg, imm8/ 
RORC reg, imm8 

These instructions allow the contents of a register to be 
rotated by the number of bits defined by the immediate 
data. 

Check Array Boundary Instruction 

CHKINDreg16, mem32 

This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
in mem32 + 2. If the index value in reg16 is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 

Block I/O Instructions 

OUTM DW, src-block/INM dst-block, DW 

These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 

Stack Frame Instructions 

PREPARE imm16, imm8 

This instruction is used to generate the stack frames 
required by block-structured languages, such as 
PASCAL and Ada. The stack frame consists of two 
areas. One area has a pointer that points to another 
frame which has variables that the current frame can 
access. The other is a local variable area for the current 
procedure. 
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DISPOSE 

This instruction releases the last stack frame generated 
by the PREPARE instruction. It returns the stack and 
base pointers to the values they had before the 
PREPARE instruction was used to call a procedure. 

Unique Instructions 

In addition to the /uPD8088/86 instructions and the 
enhanced instructions, the/(/PD701 08 has the following 
unique instructions. 



Instruction 


Function 


INS 


Insert bit field 


EXT 


Extract bit field 


ADD4S 


Adds packed decimal strings 


SUB4S 


Subtracts one packed decimal string from another 


CMP4S 


Compares two packed decimal strings 


R0L4 


Rotates one BCD digit left through AL lower 4 bits 


R0R4 


Rotates one BCD digit right through AL lower 4 bits 


TEST1 


Tests a specified bit and sets/resets Z flag 


N0T1 


Inverts a specified bit 


CLR1 


Clears a specified bit 


SET1 


Sets a specified bit 


REPC 


Repeats next instruction until CY flag is cleared 


REPNC 


Repeats next instruction until CY flag is set 


FP02 


Additional floating point processor call 



Variable Length Bit Field Operation Instructions 

This category has two instructions: INS (Insert Bit 
Field) and EXT (Extract Bit Field). These instructions 
are highly effective for computer graphics and high- 
level languages. They can, for example, be used for 
data structures such as packed arrays and record type 
data used in PASCAL. 

INS reg8, reg8/INS reg8, imm4 

This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (DSi register) plus the byte offset 
(I Y register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 

After each complete data transfer, the IY register and 
the register specified by the first operand are auto- 
matically updated to point to the next bit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16-bits, only the 
lower 4-bits of the specified register (00H to OFH) will 
be valid. 

Bit field data may overlap the byte boundary of memory. 



Figure 3. Bit Field Insertion 





Bit length 


15 







//// 



Byte offset (IY) 



Memory 



Byte boundary 



Segment base (DS1) 
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EXT reg8, reg8/EXT reg8, imm4 

This instruction (figure 4) loads to the AW register the 
bit field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first operand (bit offset). 

After the transfer is complete, the IX register and the 
lower 4-bits of the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum transr 
ferrable bit length is 16 bits, however, only the lower 
4-bits of the specified register (OH toOFH) will be valid. 

Bit field data may overlap the byte boundary of memory. 

Packed BCD Operation Instructions 

The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (ROR4, ROL4). Packed BCD 
strings may be from 1 to 254 digits in length. 

When the number of digits is even, the zero and carry 
flags will be set according to the result of the operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (CL = odd), 
the zero flag will not be set unless the upper 4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 



BCD string (IY, CL) + BCD 



ADD4S 

This instruction adds the packed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (IY, CL) 
string (IX, CL) 

SUB4S 

This instruction subtracts the packed BCD string 
addressed by the IX index register from the packed 
BCD string addressed by the IY register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (IY, CL) +- BCD string (IY, CL) - BCD 
String (IX, CL) 

CMP4S 

This instruction performs the same operation as 
SUB4S except that the result is not stored and only the 
overflow (V), carry flags (CY) and zero flag (Z) are 
affected. 

BCD string (IY, CL) - BCD string (IX, CL) 



Figure 4. Bit Field Extraction 



Bit length 

; = »>i 



epz 



Byte offset (IX) 



Byte Boundary 



Segment base (DSO) 



J . //// 
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R0L4 

This instruction (figure 5) treats the byte data of the 
register or memory directly specified by the instruction 
byte as BCD data and uses the lower 4-bits of the AL 
register (AL L ) to rotate that data one BCD digit to the 
left. 

Figure 5. BCD Rotate Left (ROL4) 





7 


AL 









reg/mem 










Upper 
4 bits 


Lower 
4 bits 




Upper 
4 bits 


4 bits 


















I 


















33-000 108A 



ROR4 

This instruction (figure 6) treats the byte data of the 
register or memory directly specified by the instruction 
byte as BCD data and uses the lower 4-bits of the AL 
register (AL L ) to rotate that data one BCD digit to the 
right. 

Figure 6. BCD Rotate Right (ROR4) 





7 


AL 









reg/mem 










Upper 
4 bits 


4 bits 




Upper 
4 bits 


Lower 

4 bits 


















t 


















83-0001 C 


9A 



Bit Manipulation Instructions 

TEST1 

This instruction tests a specific bit in a register or 
memory location. If the bit is 1, theZflag isresettoO. If 
the bit is 0, the Z flag is set to 1. 

NOT1 

This instruction inverts a specific bit in a register or 
memory location. 

CLR1 

This instruction clears a specific bit in a register or 
memory location. 

SET1 

This instruction sets a specific bit in a register or 
memory location. 

Repeat Prefix Instructions 

REPC 

This instruction causes the //PD70108 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes cleared or the CW register becomes 
zero. 



REPNC 

This instruction causes the /UPD70108 to repeat the 
following primitive block transfer instruction until the 
CY f lag becomes set or the CW register is decremented 
to zero. 

Floating Point Instruction 

FP02 

This instruction is in addition to the /yPD8088/86 
floating point instruction, FP01. These instructions 
are covered in a later section. 

Mode Operation Instructions 

The /uPD70108 has two operating modes (figure 7). 
One is the native mode which executes /yPD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of the 
//PD8080AF is emulated. A mode flag (MD) is provided 
to select between these two modes. Native mode is 
selected when MD is 1 and emulation mode when MDis 
0. MD is set and reset, directly and indirectly, by 
executing the mode manipulation instructions. 

Two instructions are provided to switch operation from 
the native mode to the emulation mode and back: 
BRKEM (Break for Emulation), and RETEM (Return 
from Emulation). 

Two instructions are used to switch from the emulation 
mode to the native mode and back: CALLN (Call Native 
Routine), and RETI (Return from Interrupt). 

The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 

Figure 7. V20 Modes 



HOLDREQ/HOLDACK 




\ 

Standby 
Mode 
HOLDREQ/HOLDACK 
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NEC 



BRKEM imm8 

This is the basic instruction used to start the 8080 
emulation mode. This instruction operates exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MD) to 0. PSW, PS, and PC are 
saved to the stack. M D is then reset and the interru pt vector 
specified by the operand imm8 of this command is 
loaded into PS and PC. 

The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as/iPD8080AF instructions. 

In 8080 emulation mode, registers and flags of the 
/iPD8080AF are performed by the following registers 
and flags of the //PD701 08. 





/JPD8080AF 


//PD70108 


Registers: 


A 


AL 




B 


CH 




C 


CL 




D 


DH 




E 


DL 




H 


BH 




L 


BL 




SP 


BP 




PC 


PC 


Flags: 


C 


CY 




Z 


Z 




S 


S 




P 


P 




AC 


AC 



In the native mode, SP is used forthe stack pointer. In the 
8080 emulation mode this function is performed by BP. 

This use of independent stack pointers allows indepen- 
dent stack areas to be secured for each mode and 
keeps the stack of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 

The SP, IX, IY and AH registers and the four segment 
registers (PS, SS, DSo, and DS-|) used in the native 
mode are not affected by operations in 8080 emulation 
mode. 

In the 8080 emulation mode, the segment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the DSo register (set by the 
programmer immediately before the 8080 emulation 
mode is entered). 

It is prohibited to nest BRKEM instructions. 



RETEM [no operand] 

When RETEM is executed in 8080 emulation mode 
(interpreted by the CPU as a //PD8080AF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (MD) which was saved to the 
stack by the BRKEM instruction, is restored to MD = 1. 
The CPU is set to the native mode. 

CALLN imm8 

This instruction makes it possible to call the native 
mode subroutines from the 8080 emulation mode. To 
return from subroutine to the emulation mode, the 
RETI instruction is used. 

The processing performed when this instruction is 
executed in the 8080 emulation mode (it is interpreted 
by the CPU as /;PD8080AF instruction), is similar to 
that performed when a BRK instruction is executed in the 
native mode. The imm8 operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MD f lag value of is saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 

RETI [no operand] 

This is a general-purpose instruction used to return 
from interrupt routines entered by the BRK instruction 
or by an external interrupt in the native mode. When 
this instruction is executed at the end of a subroutine 
entered by the execution of the CALLN instruction, the 
operation that restores PS, PC, and PSW is exactly the 
same as the native mode execution. When PSW is 
restored, however, the 8080 emulation mode value of 
the mode flag (MD) is restored, the CPU is set in 
emulation mode, and all subsequent instructions are 
interpreted and executed as/iPD8080AF instructions. 

RETI is also used to return from an interrupt procedure 
initiated by an NMI or INT interrupt in the emulation 
mode. 

Floating Point Operation Chip 
Instructions 

FP01 fp-op, mem/FP02 fp-op, mem 

These instructions are used for the external floating 
point processor. The floating point operation is passed 
to the floating point processor when the CPU fetches 
one of these instructions. From this point the CPU 
performs only the necessary auxiliary processing 
(effective address calculation, generation of physical 
addresses, and start-up of the memory read cycle). 
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The floating point processor always monitors the 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating point processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 
CPU. This difference in the data used depends on 
which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FP01 
or FP02 execution, the CPU does not accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. 

Interrupt Operation 

The interrupts used in the/uPD70108 can be divided 
into two types: interrupts generated by external inter- 
rupt requests and interrupts generated by software 
processing. These are the classifications. 

External Interrupts 

(a) NMI input (nonmaskable) 

(b) INT input (maskable) 

Software Processing 

As the result of instruction execution 

— When a divide error occurs during execution 
of the DIV or DIVU instruction 

— When a memory-boundary-over error is detected 
by the CHKIND instruction 

Conditional break instruction 

— When V = 1 during execution of the BRKV 
instruction 

Unconditional break instructions 

— 1 -byte break instruction: BRK3 

— 2-byte break instruction: BRK imm8 

Flag processing (Single-step) 

— When stack operations are used to set the 
BRK flag 

8080 Emulation mode instructions 

— BRKEM imm8 

— CALLN imm8 

Interrupt Vectors 

Starting addresses for interrupt processing routines 
are either determined automatically by a single location 
of the interrupt vector table or selected each time 
interrupt processing is entered. 



The interrupt vector table is shown in figure 8. The 
table uses 1K bytes of memory addresses 000H to 
3FFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 

The corresponding interrupt sources for vectors 
to 5 are predetermined and vectors 6 to 31 are reserved. 
These vectors consequently cannot be used for 
general applications. 

The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 

A single interrupt vector is made up of 4 bytes (figure 9). 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. 



Figure 8. 


Interrupt Vector Table 




000H 

004H 
008H 
00CH 
01 OH 
014H 
018H 

07CH 
080H 

3FCH 








Vector 


Divide Error 

Break Flag 

NMI Input 

BRK 3 Instruction 

BRKV Instruction 

CHKIND Instruction 


- Dedicated 


Vector 1 


Vector 2 


Vector 3 


Vector 4 


Vectors 


Vector 6 


-I 


- Reserved 

General Use 

- • BRK Imm8 Instruction 

• BRKEM Instruction 

• INT Input [External] 

• CALLN Instruction 




Vector 31 


Vector 32 




Vector 255 












83-000111 A 



Figure 9. 


Interrupt Vector 








Vector 


83-0001 12A 




1 
O00H j 001H 


002H j 003H 




PS*-(003H,002H) 
PC«-(001H,OOOH) 
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SEC 



Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 

The basic steps to jump to an interrupt processing 
routine are now shown. 

(SP-1,SP-2)^PSW 
(SP - 3, SP - 4) ^- PS 
(SP - 5, SP - 6) <— PC 
SP — SP-6 

IE*-0, BRK^O, MD^-0 
PS •>— vector high bytes 
PC *- vector low bytes 

Standby Function 

The />iPD70116 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 

In the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
result, power consumption can be reduced to 1/10 the 
level of normal operation in either native or emulation 
mode. 

The standby mode is released by inputting a RESET 
signal or an external interrupt (NMI, INT). 

The bus hold function is effective during standby 
mode. The CPU returns to standby mode when the bus 
hold request is removed. 

During standby mode, all control outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 

Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 

For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 



For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or, branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbol 


Meaning 


ace 


Accumulator (AW or AL) 


disp 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


farJabel 


Label within a different program 
segment 


far_proc 


Procedure within a different program 
segment 


fP-op 


Floating point instruction operation 


imm 


8- or 16-bit immediate operand 


imm3/4 


3- or 4-bit immediate bit offset 


imm8 


8-bit immediate operand 


imm16 


16-bit immediate operand 


mem 


Memory field (000 to 111); 
8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptr16 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptr16 


Register containing a destination address 
within the current segment 


seg 


Immediate segment data (16 bits) 


shortJabel 


Label between -128 and +127 bytes from 
the end of the current instruction 
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Symbols (cont) 



Symbol 


Meaning 


sr 


Segment register 


src 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1 bit) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AND A 


Logical product 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


Base pointer (16 bits) 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (high byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 


DSO 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 



Symbol 


Meaning 


IY 


Index register (destination) (16 bits) 


MD 


Mode flag 


ORV 


Logical sum 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
S = 1 Sign extend immediate byL 
operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


SS 


Stack segment register (16 bits) 


TA 


Temporary register A (16 bits) 


TB 


Temporary register B (16 bits) 


TC 


Temporary register C (16 bits) 


V 


Overflow flag 


W 


Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XORV 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


Z 


Zero flag 


() 


Values in parentheses are memory contents 


- 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


-5- 


Division 


% 


Modulo 
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Flag Operations Register Selection (mod — 11) 



Symbol 


Meaning 




(blank) 


No change 







Cleared to 




1 Set tot 


X 


Set or cleared according to result 


u 


Undefined 




R 


Restored to previous state 


Memory Addressing Modes 


mem 


mod = 00 mod = 01 


mod = 10 


000 


BW + .IX BW + IX + disp8 


BW + IX + disp16 


001 


BW + IY BW + IY + disp8 


BW + IY + disp16 


010 


BP + IX BP + IX + disp8 


BP + IX + disp16 


011 


BP + IY BP + IY + disp8 


BP + IY + disp16 


100 


IX IX + disp8 


IX + disp16 


101 


IY IY + disp8 


IY + disp16 


110 


Direct' : BP + disp8 


BP + disp16 


111 


BW BW + disp8 


BW + disp16 



reg 


w = o 


W = 1 


000 


AL 


AW 


001 


CL 


CW 


010 


DL 


DW 


011 


BL 


BW , 


100 


AH 


SP 


101 


CH 


BP 


110 


DH 


IX 


111 


BH 


IY 


Segment Register Selection 


sr 


Segment Register 




00 


DS1 




01 


PS 




10 


SS 




11 


DS0 
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Instruction Set 


Mnemonic Operand 


7 6 5 4 3 2 


Opcode 
7 6 5 4 3 2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Transfer Instructions 



reg, reg 




1 








1 





1 


w 


1 1 




reg 


reg 


2 


2 


mem, reg 




1 








1 








w 


mod 




reg 


mem 


9/13 


2-4 


reg, mem 




1 








1 





1 


w 


mod 




reg 


mem 


11/15 


2-4 


mem, imm 




1 1 











1 


1 


w 


mod 








mem 


11/15 


3-6 


reg, imm 




1 


1 


1 


w 




reg 












4 


2-3 


ace, dmem 




1 


1 














w 










10/14 


3 


dmem, ace 




1 


1 











1 


w 










9/13 


3 


sr, reg16 




1 








1 


1 


1 





1 1 





sr 


reg 


2 


2 


sr, mem16 




1 








1 


1 


1 





mod 





. sr 


mem 


11/15 


2-4 


reg16, sr 




1 








1 


1 








1 1 





sr 


reg 


2 


2 


mem16, sr 




1 








1 


1 








mod 





sr 


mem 


10/14 


2-4 


DSO, reg16, 


mem32 


1 1 











'1 





1 


mod 




reg 


mem 


18/26 


2-4 


DS1, reg16, mem32 


1 1 











1 








mod 




reg 


mem 


18/26 


2-4 


AH, PSW 




1 





1 


1 


1 


1 


1 










2 


1 





PSW, AH 


1 








1 


1 


1 


.1 











3 


1 


XX XXX 


LDEA 


reg16, mem16 


1 











1 


1 





1 


mod 


reg 


mem 


4 


2-4 




TRANS 


src_table 


1 


1 





1 


.0 


1 


1 


1 








9 


1 




XCH 


reg, reg 


1 














1 


1 


w 


1 1 


reg 


reg 


3 


2 






mem, reg 


1 














1 


1 


w 


mod 


reg 


mem 


16/24 


2-4 






AW, reg 16 


1 








1 







reg 










2 


1 




Repeat Prefixes 


REPC 







1 


1 








1 





1 








2 


1 




REPNC 







1 


1 








1 














2 


1 




REP 

REPE 

REPZ 




1 


1 


1 


1 








1 


1 








2 


1 




REPNE 
REPNZ 




1 


1 


1 


1 








1 











2 


1 




Block Transfer Instructions 


MOVBK 


dst, sre 


1 





1 








1 





w 








11+8n 


1 




CMPBK 


dst, sre 


1 





1 








1 


1 


w 








7 + 14n 


1 


X X X X X X 


CMPM 


dst 


1 





1 





1 


1 


1 


w 








7 + 10n 


1 


X X X X X X 


LDM 


sre 


1 





1 





1 


1 





w 








7 + 9n 


1 




STM 


dst 


1 





1 





1 





1 


w 








7 + 4n 


1 
























n = 


number of transfers 








I/O Instructions 



IN 


ace, imm8 


1 


1 


W 


9/13 


2 




ace, DW 


1 


1 1 


w 


8/12 


1 


OUT 


imm8, ace 


1 


.1 


1 W 


8/12 


2 




DW, ace 


1 


1 1 


1 W 


8/12 


1 


INM 


dst, DW 





1 1 


W 


9 + 8n 


1 


OUTM 


DW, sre 





1 1 


1 w 


9 + 8n 


1 



n = number of transfers 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


BCD Instructions 



ADJBA 










1 


1 





1 


1 1 
















3 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 










1 








1 


1 1 
















3 


' 1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 


1 


1 


1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 





1 


1 


1 1 
















7 


1 


X 


X 


u 


X 


X 


X 


ADD4S 
















1 


1 


1 1 























7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 
















1 


1 


1 1 

















1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 
















1 


1 


1 1 














1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


ROL4 


reg8 



1 



1 










1 




1 


1 1 

reg 











1 











25 


3 
















mem8 



mod 










1 




1 


1 1 
mem 











1 











28 


3-5 














ROR4 


reg8 



1 




1 










1 




1 


1 1 
reg 











1 





1 





29 


3 
















mem8 














1 


1 


1 1 











1 





1 





33 


3-5 















mem 

n = number of BCD digits divided by 2 



Data Type Conversion Instructions 


CVTBD 110 10 10 








15 


2 


U U U X X X 


CVTDB 110 10 10 1 








7 


2 


U U U X X X 


CVTBW 10 110 






2 


1 




CVTWL 1 11 1 






4-5 


1 




Arithmetic Instructions 



ADD 



reg, reg 



1 W 11 



reg 



reg 



mem, reg 



W mod reg 



16/24 2-4 



reg, mem 



1 W mod 



reg 



11/15 2-4 



reg, imm 



1 00000SW 1 1 000 reg 



3-4 



mem, imm 



1 S W mod 



18/26 3-6 



ace, imm 



1 W 



2-3 



X X X X X X 



X X X . X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



ADDC 



reg, reg 



1 1 W 11 



reg 



reg 



mem, reg 



1 W mod reg 



16/24 2-4 



reg, mem 



1 1 W mod 



reg 



11/15 2-4 



reg, imm 



100000SW 11010 



reg 



3-4 



mem, imm 



100000SW mod 010 



18/26 3-6 



ace, imm 



1 1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUB 



reg, reg 



1 1 1 W 11 



reg 



x x x x x x 



mem, reg 



1 1 W mod 



reg 



16/24 2-4 



X X X X X X 



reg, mem 



1 1 1 W mod 



reg 



11/15 2-4 



X X X X X X 



reg, imm 



100000SW 11101 



reg 



3-4 



X X X X X X 
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Instruction Set (cont) 


Mnemonic Operand 


Opcode 
76543210 76543210 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Arithmetic Instructions (cont) 


SUB mem, imm 


1 s w 


mod 1 1 mem 


18/26 


3-6 


X X X X X X 


ace, imm 


1 1 1 w 




4 


2-3 


X XX X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



1 1 1 W 11 



reg 



reg 



1 1 W mod 



reg 



16/24 2-4 



1 1 1 W mod reg 



11/15 2-4 



X X X X X X 



X X X X X X 



X X X X X X 





reg, imm 



















s 


w 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 



















s 


w 


mod 





1 


1 


mem 


18/26 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 











1 


1 


1 





w 












4 


2-3 


X 


X 


X 


X 


X 


X 


INC 


reg8 




1 




1 


1 


1 


1 





1 1 











reg 


2 


2 


X 




X 


X 


X 


X 




mem 




1 




1 


1 


1 


1 


w 


mod 











mem 


16/24 


2-4 


X 




X 


X 


X 


X 




reg16 





1 













reg 














2 


1 


X 




X 


X 


X 


X 


DEC 


reg8 




1 




1 


1 


1 


1 





1 1 








1 


reg 


2 


2 


X 




X 


X 


X 


X 




mem 




1 




1 


1 


1 


1 


w 


mod 








1 


mem 


16/24 


2-4 


X 




X 


X 


X 


X 




reg 16 





1 








1 




reg 














2 


1 


X 




X 


X 


X 


X 


MULU 


reg 




1 




1 





1 


1 


w 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u 


u 




mem 




1 




1 





1 


1 


w 


mod 


1 








mem 


27-36 


2-4 


u 


X 


X 


u 


u 


u 


MUL 


reg 




1 




1 





1 


1 


w 


1 1 


1 





1 


reg 


33-47 


2 


u 


X 


X 


u 


u 


u 




mem 




1 




1 





1 


1 


w 


mod 


1 





1 


mem 


39-57 


2-4 


u 


X 


X 


u 


u 


u 




reg16,reg16,imm8 





1 







1 





1 


1 


1 1 




reg 




reg 


28-34 


3 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm8 





1 







1 





1 


1 


mod 




reg 




mem 


34-44 


3-5 


u 


X 


X 


u 


u 


u 




reg16,reg16,imm16 





1 







1 








1 


1 1 




reg 




reg 


36-42 


4 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm16 





1 







1 








1 


mod 




reg 




mem 


46-52 


4-6 


u 


X 


X 


u 


u 


u 


DIVU 


reg 


1 


1 




1 





1 


1 


w 


1 1 


1 


1 





reg 


19-25 


2 


u 


u 


u 


u 


u 


u 




mem 


1 


1 




1 





1 


1 


w 


mod 


1 


1 





mem 


25-35 


2-4 


u 


u 


u 


u 


u 


u 


DIV 


reg 


1 


1 




1 





1 


1 


w 


1 1 


1 


1 


1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 




mem 


1 


1 




1 





1 


1 


w 


mod 


1 


1 


1 


mem 


35-53 


2-4 


u 


u 


u 


u 


u 


u 


Comparison Instructions 


CMP 


reg, reg 










1 


1 





1 


w 


1" 1 




reg 




reg 


2 


2 


X 


X 


X 


X 


X 


X 




mem, reg 










1 


1 








w 


mod 




reg 




mem 


11/15 


2-4 


X 


X 


X 


X 


X 


X 




reg, mem 










1 


1 





1 


w 


mod 




reg 




mem 


11/15 


2-4 


X 


X 


X 


X 


X 


X 




reg, imm 


1 

















s 


w 


1 1 


1 


1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 


1 

















s 


w 


mod 


1 


1 


1 


mem 


13/17 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 










1 


1 


1 





w 












4 


2-3 


X 


X 


X 


X 


X 


X 


Logical Instructions 


NOT 


reg 


1 


1 




1 





1 


1 


w 


1 1 





1 





reg 


2 


2 
















mem 


1 


1 




1 





1 


1 


w 


mod 





1 





mem 


16/24 


2-4 














NEG 


reg 


1 


1 




1 





1 


1 


w 


1 1 





1 


1 


reg 


2 


2 


X 


X 


X 


X 


X 


X 




mem 


1 


1 




1 





1 


1 


w 


mod 





1 


1 


mem 


16/24 


2-4 


X 


X 


X 


X 


X 


X 



TEST 



reg, reg 


10 


W 


1 1 


reg 


reg 


2 


2 


u x x x 


mem, reg 


10 


W 


mod 


reg 


mem 


10/14 


2-4 


u x x x 



reg, imm 



1111011W 11000 



reg 



3-4 



u x x x 



//PD70108(V20) 



NEC 



Instruction Set (cont) 


Mnemonic Operand 


Opcode 
7 6 5 4 3 2 10 7 6 5 4 3 2 10 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Logical Instructions (cont) 


TEST mem, imm 


1 1 1 1 1 1 W 


mod mem 


11/15 


3-6 


u x x x 


ace, imm 


1 1 1 w 




4 


2-3 


u x x x 



AND 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 11 



reg 



reg 



1 W mod reg 



16/24 2-4 



1 1 W mod reg 



11/15 2-4 



1 W 1110 reg 



3-4 



1000000W mod 100 



18/26 3-6 



1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



OR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 11 



reg 



reg 



1 W mod 



reg 



16/24 2-4 



1 1 W mod 



reg 



11/15 2-4 



10 W 11001 



reg 



3-4 



1 W mod 1 



18/26 3-6 



1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



XOR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 1 W 11 



reg 



reg 



1 1 W mod 



reg 



16/24 2-4 



1 1 1 W mod 



reg 



11/15 2-4 



10 W 11110 



reg 



3-4 



1000000W mod 110 



mem 



18/26 3-6 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 





ace, imm 








1 








w 














4 


2-3 


u 








X 


X 


X 


Bit Manipulation Instructions 




INS 


reg8, reg8 




1 




1 






reg 


1 


'1. 

reg 








1 


1 








1 


35-133 


3 
















reg8, imm4 




1 




1 










1 



1 
reg 








1 


1 


1 





1 


35-133 


4 














EXT 


reg8,reg8 




1 




1 






reg 


1 


1 
reg 








1 


1 








1 1 


34-59 


3 
















reg8, imm4 




1 




1 










1 



1 
reg 








1 


1 


1 





1 1 


34-59 


4 














TEST1 


reg, CL 




1 




1 










1 




1 
reg 











1 








w 


3 


3 


u 








u 


u 


X 




mem, CL 



mod 










1 




1 
mem 











1 








w 


12/16 


3-5 


u 








u 


u 


X 




reg, imm3/4 



1 




1 










1 




1 
reg 











1 


1 





w 


4 


4 


u 








u 


u 


X 




mem, imm3/4 



mod 










1 




1 
mem 











1 


1 





w 


13/17 


4-6 


u 








u 


u 


X 


SET1 


reg, CL 



1 




1 










1 




1 
reg 











1 





1 


w 


4 


3 
















mem, CL 














1 


1 











1 





1 


w 


13/21 


3-5 















mod 



NEC 



//PD70108 (V20) 



Instruction Set (cont) 



Mnemonic Operands 



7 6 5 4 3 2 1 



Opcode 

7 6 5 4 3 2 1 



Clocks 



Flags 
AC CY V P S Z 



Bit Manipulation Instructions (contj 




























SET1 reg, imm3/4 




1 1 










1 




1 1 1 

reg 











1 


1 


w 


5 


4 




mem, imm3/4 



mod 










1 




1 1 
mem 











1 


1 


w 


14/22 


4-6 




CY 11111 


3 1 














2 


1 


1 


DIR 11111 


1 














2 


1 




CLR1 reg, CL 




1 1 










1 




1 1 
reg 








1 








1 w 


5 


3 




mem, CL 



mod 










1 




1 1 
mem 








1 








1 w 


14/22 


3-5 




reg, imm3/4 




1 1 










1 




1 1 
reg 








1 


1 





1 w 


6 


4 




mem, imm3/4 



mod 










1 




1 1 
mem 








1 


1 





1 w 


15/27 


4-6 




CY 11111 


) 














2 


1 





DIR 11111 

















2 


1 




N0T1 reg, CL 




1. 1 










1 




1 1 
reg 








1 





1 


1 w 


4 


3 




mem, CL 



mod 










1 




1 1 
mem 








1 





1 


1 w 


18/26 


3-5 




reg, imm3/4 




1 1 










1 




1 1 
reg 








1 


1 


1 


1 w 


5 


4 




mem, imm3/4 



mod 










1 




1 1 
mem 








1 


1 


1 


1 w 


19/27 


4-6 




CY 


1 1 


1 


1 





1 














2 


1 


X 



Shift/Rotate Instructions 



SHL 


reg, 1 


1 1 


1 











w 


1 1 


1 





reg 


2 


2 


u 


X 


X 


X 


X X 




mem, 1 


1 1 


1 











w 


mod 


1 





mem 


16/24 


2-4 


u 


X 


X 


X 


X X 




reg, CL 


1 1 


1 








1 


w 


1 1 


1 





reg 


7 + n 


2 


u 


X 


u 


X 


X X 




mem, CL 


1 1 


1 








1 


w 


mod 


1 





mem 


19/27 + n 


2-4 


u 


X 


u 


X 


X X 




reg, imm8 


T 1 














w 


1 1 


1 





reg 


7 + n 


3 


u 


X 


u 


X 


X X 




mem, imm8 


1 1 














w 


mod 


1 





mem 


19/27 + n 


3-5 


u 


X 


u 


X 


X X 


SHR 


reg, 1 


1 1 


1 











w 


1 1 


1 


1 


reg 


2 


2 


u 


X 


X 


X 


X X 




mem, 1 


1 1 


1 











w 


mod 


1 


1 


mem 


16/24 


2-4 


u 


X 


X 


X 


X X 




reg, CL 


1 1 


1 








1 


w 


1 1 


•1 


1 


reg 


7 + n 


2 


u 


X 


u 


X 


X X 




mem, CL 


1 1 


1 








1 


w 


mod 


1 


1 


mem 


19/27 + n 


2-4 


u 


X 


u 


X 


X X 




reg, imm8 


1 1 














w 


1 1 


1 


1 


reg 


7 + n 


3 


u 


X 


u 


X 


X X 



mem, imm8 



1 1 W mod 1 1 



mem 



19/27 + n 



3-5 



U X U X X X 



n = number of shifts 



AfPD70108(V20) 



NEC 



Instruction Set (cont) 


Mnemonic Operands 7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Shift/Rotate Instructions (cont) 



SHRA 


reg, 1 


1 


1 











w 


1 1 


1 






reg 


2 


2 


u X 





X 


X 


X 




mem, 1 


1 


1 











w 


mod 


1 






mem 


16/24 


2-4 


u X 





X 


X 


X 




reg, CL 


1 


1 








1 


w 


1 1 


1 






reg 


7 + n 


2 


u X 


u 


X 


X 


X 




mem, CL 


1 


1 








1 


w 


mod 


1 






mem 


19/27 + n 


2-4 


u X 


u 


X 


X 


X 




reg, imm8 


1 














w 


1 1 


1 






reg 


7 + n 


3 


u X 


u 


X 


X 


X 




mem, imm8 


1 














w 


mod 


1 






mem 


19/27 + n 


3-5 


U X 


u 


X 


X 


X 


ROL 


reg, 1 


1 


1 











w 


1 1 











reg 


2 


2 


X 


X 










mem, 1 


1 


1 











w 


mod 











mem 


16/24 


2-4 


X 


X 










reg, CL 


1 


1 








1 


w 


1 1 











reg 


7 + n 


2 


X 


u 










mem, CL 


1 


1 








1 


w 


mod 











mem 


19/27 + n 


2-4 


X 


u 










reg, imm 


1 














w 


1 1 











reg 


7 + n 


3 


X 


u 










mem, imm 


1 














w 


mod 











mem 


19/27 + n 


3-5 


X 


u 








ROR 


reg, 1 


1 


1 











w 


1 1 








1 


reg 


2 


2 


X 


X 










mem, 1 


1 


1 











w 


mod 








1 


mem 


16/24 


2-4 


X 


X 










reg, CL 


1 


1 








1 


w 


1 1 








1 


reg 


7 + n 


2 


X 


u 










mem, CL 


1 


1 








1 


w 


mod 








1 


mem 


19/27 + n 


2-4 


X 


u 










reg, imm8 


1 














w 


1 1 








1 


reg 


7 + n 


3 


X 


u 










mem, imm8 


1 














w 


mod 








1 


mem 


19/27 + n 


3-5 


X 


u 








ROLC 


reg, 1 


1 


1 











w 


1 1 





1 





reg 


2 


2 


X 


X 










mem, 1 


1 


1 











w 


mod 





1 





mem 


16/24 


2-4 


X 


X 










reg, CL 


1 


1 








1 


w 


1 1 





1 





reg 


7 + n 


2 


X 


u 










mem, CL 


1 


1 








1 


w 


mod 





1 





mem 


19/27 + n 


2-4 


X 


u 










reg, imm8 


1 














w 


1 1 





1 





reg 


7 + n 


3 


X 


u 










mem, imm8 


1 














w 


mod 





1 





mem 


19/27 + n 


3-5 


X 


u 








RORC 


reg, 1 


1 


1 











w 


1 1 





1 




reg 


2 


2 


X 


X 










mem, 1 


1 


1 











w 


mod 





1 




mem 


16/24 


2-4 


X 


X 










reg, CL 


1 


1 








1 


w 


1 1 





1 




reg 


7 + n 


2 


X 


u 










mem, CL 


1 


1 








1 


w 


mod 





1 




mem 


19/27 + n 


2 -.4 


X 


u 










reg, imm8 


1 














w 


1 1 





1 




reg 


7 + n 


3 


X 


u 










mem, imm8 


1 














w 


mod 





1 




mem 


19/27 + n 


3-5 


X 


u 









n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 


11111111 


mod 


1 





mem 


18/26 


2-4 


reg 16 


10 10 reg 










8/12 


1 


sr 


sr 110 










8/12 


1 


PSW 


10 1110 










8/12 


1 


R 


110 










35/67 


1 



1 1 1 S 



7/12 



2-3 



SEC 



fiPDTOiOS (V20) 



Instruction Set (cont) 



Mnemonic 



5 4 3 2 1 



Opcode 

7 6 5 4 3 2 1 



Clocks 



Flags 
Bytes AC CY V P S Z 



Stack Manipulation Instructions (cont) 



POP 



mem16 


10 1 


1 1 1 


mod 


mem 


17/25 


2-4 




reg16 


10 11 


reg 






8/12 


1 




sr 


sr 


1 1 1 






8/12 


1 




PSW 


10 11 


1 1 






8/12 


1 


R R R R R R 



R 





110 


1 


43/75 


1 


PREPARE imm16, imm8 


1 


10 



*imm8 = 0:16 
imm8>1 : 23 + 16 (imm8- 


* 

-1) 


4 


DISPOSE 


1 


10 


1 


6/10 


1 


Control Transfer Instructions 



CALL 



near_proc 


1 1 1 





1 
















16/20 


3 


regptr 


1 1 1 


1 


1 


1 1 


1 


1 1 








reg 


14/18 


2 


memptr16 


1 1 1 


1 


1 


1 1 


1 


mod 








mem 


23/31 


2-4 


far_proc 


1 


1 


1 


1 













21/29 


5 


memptr32 


1 1 1 


1 


1 


1 1 


1 


mod 


< 


1 


mem 


31/47 


2-4 




1 1 








1 


1 










15/19 


1 


pop_value 


1 1 








1 













20/24 


3 




1 1 





1 


1 


1 










21/29 


1 



RET 





pop_value 


1 1 


) 


1 





1 











24/32 


3 


BR 


nearJabel 


1 1 





1 








1 








13 


3 




shortJabel 


1 1 





1 





1 


1 








12 


2 




regptr 


1 1 


1 


1 


1 


1 


1 


1 1 


1 


reg 


11 


2 




memptr16 


1 1 


1 


1 


1 


1 


1 


mod 


1 


mem 


20/24 


2-4 




farJabel 


1 1 





1 





1 











15 


5 




memptr32 


1 1 


1 


1 


1 


1 


1 


mod 


1 1 


mem 


27/35 


2-4 


BV 


shortJabel 


1 


1 




















14/4 


2 


BNV 


shortJabel 


1 


1 











1 








14/4 


2 


BC, BL 


shortJabel 


1 


1 








1 











14/4 


2 


BNC, BNL 


shortJabel 


1 


1 








1 


1 








14/4 


2 


BE, BZ 


shortJabel 


1 


1 





1 














14/4 


2 


BNE, BNZ 


shortJabel 


1 


1 





1 





1 








14/4 


2 


BNH 


shortJabel 


1 


1 





1 


1 











14/4 


2 


BH 


shortJabel 


1 


1 





1 


1 


1 








14/4 


2 


BN 


shortJabel 


1 


1 


1 

















14/4 


2 


BP 


shortJabel 


1 


1 


1 








1 








14/4 


2 


BPE 


shortJabel 


1 


1 


1 





1 











14/4 


2 


BPO 


shortJabel 


1 


1 


1 





1 


1 








14/4 


2 


BLT 


shortJabel 


1 


1 


1 


1 














14/4 


2 


BGE 


shortJabel 


1 


1 


1 


1 





1 








14/4 


2 



//PD70108 (V20) 



NEC 



Instruction Set (cont) 


Opcode 
Mnemonic Operand 76543210 765432 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Control Transfer Instructions (cont) 


BLE shorUabel 1111110 


14/4 


2 




BGT shorUabel 1111111 


14/4 


2 





DBNZNE 


shorUabel 


1 1 


1 

















14/5 


2 




DBNZE 


shorUabel 


1 1 


1 














1 


14/5 


2 




DBNZ 


shorUabel 


1 1 


1 











1 





13/5 


2 




BCWZ 


shorUabel 


1 1 


1 











1 


1 


13/5 


2 




Interrupt Instructions 


BRK 


3 


1 1 








1 


1 








38/50 


1 






imm8 


1 1 








1 


1 





1 


38/50 


2 




BRKV 




1 1 








1 


1 


1 





52/3 


1 




RETI 




1 1 








1 


1 


1 


1 


27/39 


1 


R R R R R R 



CHKIND 


reg16, mem32 





1 


1 











1 





mod 


reg mem 


18/26 
73-76 


2-4 




BRKEM 


imm8 














1 


1 


1 


1 


1 1 


111111 


38/50 


3 




CPU Control Instructions 


HALT 




1 


1 


1 


1 





1 












2 


1 




BUSLOCK 




1 


1 


1 


1 


















2 


1 




FP01 


fp-op 


1 


1 





1 


1 


X 


X 


X 


1 1 


Y Y Y Z Z Z 


2 


2 






fp_op, mem 


1 


1 





1 


1 


X 


X 


X 


mod 


Y Y Y mem 


11/15 


2-4 




FP02 


fp_op 





1 


1 








1 


1 


X 


1 1 


Y Y Y Z Z Z 


2 


2 






fp_op, mem 





1 


1 








1 


1 


X 


mod 


Y Y Y mem 


11/15 


2-4 




POLL 




1 








1 


1 

n 


1 1 
= number of times POLL pin is sampled. 


2 + 5n 


1 




NOP 




1 








1 


















3 


1 




Dl 




1 


1 


1 


1 


1 





1 









2 


1 




El 




1 


1 


1 


1 


1 





1 


1 






2 


1 




8080 Instruction Set Enhancements 


RETEM 




1 


1 


1 





1 


1 





1 


1 1 


11110 1 


27/39 


2 


R R R R R R 


CALLN 


imm8 


1 


1 


1 





1 


1 





1 


1 1 


10 110 1 


38/58 


3 





SEC 

NEC Electronics Inc. 



//PD70116 (V30), 70116H (V30H) 
16-Bit Microprocessor: 
High-Performance, CMOS 



Description 

The//PD70116 (V30®) is a CMOS 16-bit microprocessor 
with an internal 16-bit architecture and a 16-bit external 
data bus. The//PD70116 instruction set is a superset of 
the//PD8086/8088; however, mnemonics and execution 
times are different. The //PD70116 additionally has a 
powerful instruction set including bit processing, 
packed BCD operations, and high-speed multiplica- 
tion/division operations. The //PD70116 can also 
execute the entire 8080 instruction set and comes with 
a standby mode that significantly reduces power 
consumption. It is software-compatible with the 
//PD70108 microprocessor. 

The H-series microprocessors are fully static devices 
that offer operating frequencies to 16 MHz, lower 
power consumption, and no restriction on minimum 
clock frequency from dc to 16 MHz. 

Features 

□ Minimum instruction execution time: 

250 ns at 8 MHz, 200 ns at 10 MHz, 1 25 ns at 1 6 MHz 

□ Maximum addressable memory: 1 Mbyte 

□ Abundant memory addressing modes 

□ 14 x 16-bit register set 

□ 101 instructions 

□ Instruction set is a superset of //PD8086/8088 
instruction set 

□ Bit, byte, word, and block operations 

□ Bit field operation instructions 

□ Packed BCD instructions 

□ Multiplication/division instruction execution 
time: 2.4 to 7.1 //sat 8 MHz, 1.9 to 5.7 //sat 10 MHz 

□ High-speed block transfer instructions: 

1 Mbyte/s at 8 MHz, 1.25 Mbyte/s at 10 MHz 

□ High-speed calculation of effective addresses: 

2 clock cycles in any addressing mode 

□ Maskable (INT) and nonmaskable (NMI) 
interrupt inputs 

□ IEEE-796 bus compatible interface 

□ 8080 emulation mode 

□ CMOS technology 

□ Low power consumption 

□ Low-power standby mode 

□ Minimum-power Stop mode (H-Series) 

□ Single power supply; 5-V and 3-V specifications 

□ Maximum operating frequencies: 8 to 16 MHz 

V30 is a registered trademark of NEC Corporation. 



Ordering Information 



Part 
Number 


Max Frequency 
of Operation 


Package Type 


Standard Series 


//PD70116C8 


8 MHz 


40-pin plastic DIP 


C10 


10 MHz 




L8 


8 MHz 


44-pin PLCC 


L10 


10 MHz 




GC8 


8 MHz 


52-pin plastic QFP 


GC10 


10 MHz 


(P52GC-100-3B6) 


H-Series 


//PD70116HC10 


10 MHz 


40-pin plastic DIP 


HC12 


12 MHz 




HC16 


16 MHz 




HL10 


10 MHz 


44-pin PLCC 


HL12 


12 MHz 




HL16 


16 MHz 




HGC10 


10 MHz 


52-pin plastic QFP 


HGC12 


12 MHz 


(P52GC-100-3B6) 


HGC16 


16 MHz 





Pin Configurations 

40-Pin Plastic DIP 











IC c 


1 W 40 


3 Vdd 


AD14 C 


2 


39 


3 AD15 


AD13 C 


3 


38 


3 A16/PS0 


AD12H 


4 


37 


3 A17/PS1 


AD11 c 


5 


36 


3 A18/PS2 


AD10 C 


6 


35 


3 A19/PS3 


AD9C 


7 


34 


3 UBE 


AD 8 C 


8 


33 


3 S/LG 


AD7C 


9 


32 


3 RD 


AD 6 C 


10 /uPD 31 


3 HLDRQ [RQ/AKo] 


AD5C 


H 70116 30 


3 HLDAK [RQ/AKi] 


AD4 C 


12 


29 


3 WR [BUSLOCK] 


AD3C 


13 


28 


3 IO/M [BS2] 


AD2C 


14 


27 


3 BUFR/W[BS-|] 


AD1 C 


15 


26 


3 BUFEN [BSo] 


ADoC 


16 


25 


3 ASTB [QSo] 


NMI C 


17 


24 


3 INTAK[QS1] 


INTC 


18 


23 


3 POLL 


CLK C 


19 


22 


3 READY 


GND C 


20 


21 


3 RESET 
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Pin Configurations (cont) 

44-Pin Plastic Leaded Chip Carrier (PLCC) 



Pin Identification 



NC 

A19/PS3 

UBE 

S/LG 

RD 

HLDRQ [RQ/AKO] 

HLDAK [RQ/AKi] 


WR [BUSLOCK] 
IO/M [BS2] 
BUFR/W [BS1] 



in 

s. 

z 

1U 

u. 

3 
03 




nnnnnnnnnnn 






cncoi^<ou>«cocMT-ocn 
concococococoncoeoeM 




A18/PS2 c 


40 28 


3 ASTB [QSo] 


A17/PS1 c 


41 27 


3 INTAK [QS1] 


A16/PS0 c 


42 26 


3 POLL 


AD15C 


43 25 


h READY 


VddC 


44 24 


h RESET 


GND C 


1 c 


D GND 


ICC 


2 22 


I] GND 


AD14C 


3 21 


pCLK 


AD13C 


4 20 


DINT 


AD12C 


5 19 


UNMI 


AD11 c 


6 18 

ot-cMcOTfin<ot~ 


^NC 


'uuuuuuuuuuu 


ocncoi^<0tn<4 > cocMt-o 
J-QQQDQQQDDQ 
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52-P/n P/astfc QFP 



NC 

A19/PS3 

UBE 

S/LG 

RD 

HLDRQ [RQ/AKo] 

NC 

HLDAK [RQ/AKi] 


WR [BUSLOCK] 

IO/M [BS2] 
BUFR/W [BS1] 




CO 

00 

Z 
Ui 

u. 

D O 
m Z 




nnnnnnnnnnnnn 






NrOaiCOSlDin^ONrO 




A18/PS2 c 


1 O 39 


D ASTB [QSo] 


A17/PS1 c 


2 38 


J INTAK [QSi] 


A16/PS0 c 


3 37 


DPOLL 


AD15C 


4 36 


H READY 


VddC 


5 35 


3 RESET 


VddC 


6 «« 34 

7 70116 33 


HGND 


GNDC 


DGND 


GND C 


8 32 


3NC 


ICC 


9 31 


DGND 


AD14C 


10 30 


DCLK 


AD13C 


11 29 


Hint 


AD12C 


12 28 


Dnmi 


AD11 c 


13 27 

<tmcor^coo>OT-oj«^'m<o 


Hnc 




UUULILJUUUUUUIJU 




O ocncor^tom^-rocMT-oo 

Z^DQQOQQDQQQz 

°<< <<<<<<<< 
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Symbol 


Direction 


Function 


IC* 




Internally connected 


AD 14 - AD 


In/Out 


Address/data bus 


NMI 


In 


Nonmaskable interrupt 
input 


INT 


In 


Maskable interrupt input 


CLK 


In 


Clock input 


GND 




Ground potential 


RESET 


In 


Reset input 


READY 


In 


Ready input 


POLL 


In 


Poll input 


INTAK (QS1) 


Out 


Interrupt acknowledge 
output (queue status bit 1 
output) 


ASTB (QS ) 


Out 


Address strobe output 
(queue status bit output) 


BUFEN (BS ) 


Out 


Butter enable output (bus 
status bit output) 


BUFR/W (BS1) 


Out 


Butter read/write output 
(bus status bit 1 output) 


iO/M (BS 2 ) 


Out 


Access is I/O or memory 
(bus status bit 2 output) 


WR (BUSLOCK) 


Out 


Write strobe output (bus 
lock output) 


HLDAK (RQ/AR7) 


Out 
(In/Out) 


Holdacknowledgeoutput, 
(bus hold request input/ 
acknowledge output 1) 


HLDRQ (RQ/AKq) 


In 
(In/Out) 


Hold request input (bus 
hold request input/ 
acknowledge output 0) 


RD 


Out 


Read strobe output 


S/LG 


In 


Small-scale/large-scale 
system input 


UBE 


Out 


Upper byte enable 


A 19 /PS 3 - 
A16/PS0 


Out 


Address bus, high bits or 
processor status output 


AD15 


In/Out 


Address/data bus, bit 15 


Vdd 




Power supply 



Notes: * IC should be connected to ground. 

Where pins have different functions in small- and large-scale 
systems, the large-scale system pin symbol and function are 
in parentheses. 

Unused input pins should be tied to ground or Vdd t0 
minimize power dissipation and prevent the flow of poten- 
tially harmful currents. 



NEC 



A/PD70116(V30) 



Block Diagram 



Internal Address/Data Bus [IAD0-19] 




} 



£ 



} 



(^ 



1 



<=} 



c=> 



c 




} 



K=3 



Bus 
Buffer 



A16/PS0 — A19/PS3 



f 16 \ AD -AD 1S 



Status 
Control 



UBE 

BUFEN[BSoJ. BUFR/W [BSn] 



T-State 
Control 



2E 



Bus Hold 
Control 



Cycle 
Decision 



2E 



Queue 
Control 



Standby 
Control 



Effective Address 
Generator 



^ I ^ 



Microinstruction 
Storage 



Microsequence 
Control 



Instruction Decoder 



Sub Data Bus [16] 



Main Data Bus [16] 



J. BUFEN[BS ], BUFR, 

) R5/M [BS 2 ] 

V ASTB [OSp], INTAK 



55, WR" [BUSLOCK] 



S/LG 
READY 
RESET 
POLL 



HLDRQ [RQ/AKo] 
HLDAK [RQ/AtTi] 



[QSi] 



Interrupt 
Control 






* 



NMI 
INT 



Bus 
Control 

Unit 
[BCU] 

Execution 
Unit 
[EXU] 



nj) 



29 > Micro Data Bus 
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Pin Functions 

Some pins of the /t/PD70116 have different functions 
according to whether the microprocessor is used in a 
small- or large-scale system. Other pins function the 
same way in either type of system. 

AD15 - ADo [Address/Data Bus] 

For small- and large-scale systems. 

AD15 " ADo is a time-multiplexed address and data bus. 
When high, an AD bit is a one; when low, an AD bit is a 
zero. This bus contains the lower 16 bits of the 20-bit 
address during T1 of the bus cycle. It is used as a 16-bit 
data bus during T2, T3, and T4 of the bus cycle. 

The address/data bus is a three-state bus and can be at 
a high or low level during standby mode. The bus will 
be high impedance during hold and interrupt 
acknowledge. 

NMI [Nonmaskable Interrupt] 

For small- and large-scale systems. 

This pin is used to input nonmaskable interrupt 
requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held high 
for five clocks to guarantee recognition. Actual inter- 
rupt processing begins, however, after completion 
of the instruction in progress. 

The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing routine. 
Note that a hold request will be accepted even during 
NMI acknowledge. 

This interrupt will cause the //PD70116 to exit the 
standby mode. 

INT [Maskable Interrupt] 

For small- and large-scale systems. 

This pin is an interrupt request that can be masked by 
software. 

INT is active high level and is sensed during the last 
clock of the instruction. The interrupt will be accepted 
if th e inter rupt enable flag IE is set. The CPU outputs 
the INTAK signal to inform external devices that the 
interrupt request has been granted. INT must be 
asserted until the interrupt acknowledge signal is 
returned. 

If NMI and INT interrupts occur at the same time, NMI 
has higher priority than INT and INT cannot be 
accepted. A hold request will be accepted during INT 
acknowledge. 

This interrupt causes the//PD70116 to exit the standby 
mode. 

CLK [Clock] 

For small- and large-scale systems. 

This pin is used for external clock input. 



RESET [Reset] 

For small- and large-scale systems. 

This pin is used for the CPU reset signal. It is an active 
high level. Input of this signal has priority over all other 
operations. After the reset signal input returns to a low 
level, the CPU begins execution of the program starting 
at address FFFFOH. RESET input must be kept high for 
at least 4 clock cycles. 

In addition to causing normal CPU start, RESET input 
will cause the /;PD701 1 6 to exit the standby mode. 

READY [Ready] 

For small- and large-scale systems. 

When the memory or I/O device being accessed 
cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting this signal to inactive (low level) and 
requesting a read/write cycle delay. 

If the READY signal is active (high level) during either 
the T3 or Tw state, the GPU will not generate a wait 
state. READY is not synchronized internally. To 
guarantee correct operation, external logic must ensure 
that setup and hold times relative to CLK are met. 

POLL [Poll] 

For small- and large-scale systems. 

The CPU checks thisinput upon execution of the POLL 
instruction. If the input is low, then executio n cont inues. 
If the input is high, the GPU will check the POLL input 
every five clock cycles until the input becomes low 
again. 



The POLL and READY functions are used to syn- 
chronize CPU program execution with the operation of 
external devices. 

RD [Read Strobe] 

For small- and large-scale systems. 

The CPU outputs this strobe signajjjuring data read 
from an I/O device or memory. The IO/M signal is used 
to select between I/O and memory. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

S/LG [Small/Large] 

For small- and large-scale systems. 

This signal determines the operation mode of the CPU. 
This signal is fixed at either a high or low level. When 
this signal is a high level, the CPU will operate in small- 
scale system mode, and when low, in the large-scale 
system mode. A small-scale system will have at most 
one bus master such as a DMA controller device on the 
bus. A large-scale system can have more than one bus 
master accessing the bus as well as the CPU. 
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INTAK [Interrupt Acknowledge] 

For small-scale systems. 



The CPU generates the INTAK signal low when it 
accepts an INT signal. 

The interrupting device synchronizes with this signal 
and outputs the in terrupt vector to the CPU via the data 
bus (AD 7 - AD ). INTAK is held at a high-level in the 
standby mode. 

ASTB [Address Strobe] 

For small-scale systems. 

The CPU outputs this strobe signal to latch address 
information at an external latch. 

ASTB is held at a low level during standby mode and 
hold acknowledge. 

BUFEN [Buffer Enable] 

For small-scale systems. 

This is used as the output enable signal for an external 
bidirectional buffer. The CPU generates this signal 
during data transfer operations with external memory 
or I/O devices or during input of an interrupt vector. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

BUFR/W [Buffer Read/Write] 

For small-scale systems. 

The output of this signal determines the direction of 
data transfer with an external bidirectional buffer. A 
high output causes transmission from the CPU to the 
external device; a low signal causes data transfer from 
the external device to the CPU. 

BUFR/W is a three-state output and enters the high- 
impedance state during hold acknowledge. 

fO/M [IO/Memory] 

For small-scale systems. 

The CPU generates this signal to specify either I/O 
access or memory access. A low-level output specifies 
I/O and a high-level signal specifies memory. 

lO/M's output is three state and becomes high 
impedance during hold acknowledge. 

WR [Write Strobe] 

For small-scale systems. 

The CPU generates this strobe signal during data write 
to an I/O device or memory. Selection of either I/O or 
memory is performed by the IO/M signal. 

This three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 



HLDAK [Hold Acknowledge] 

For small-scale systems. 

The HLDAK signal is used to indicate that the CPU 
accepts the hold request signal (HLDRQ). When this 
signal is a high level, the address bus, address/data 
bus, the control lines become high impedance. 

HLDRQ [Hold Request] 

For small-scale systems. 

This input signal is used by external devices to request 
the CPU to release the address bus, address/data bus, 
and the control bus. 

UBE [Upper Byte Enable] 

For small- and large-scale systems. 

UBE indicates the use of the upper eight bits (AD15 
-ADs) of the address/data bus during a bus cycle. This 
signal is active low during T1 for read, write, and 
interrupt acknowledge cycle s wh en AD15 - ADs are to 
be used. Bus cycles in which UBE is active are shown in 
the following table. 



Type of 
Bus Operation 


UBE 


AD„ 


Number of 
Bus Cycles 


Word at even address 








1 


Word at odd address 




1 


1* 
0" 


2 


Byte at even address 


1 





1 


Byte at odd address 





1 


1 



Notes: * First bus cycle 

** Second bus cycle 

UBE is low continuously during the interrupt acknow- 
ledge state. 

The three-state output is held high during standby 
mode and enters the high-impedance state during hold 
acknowledge. 

A-19/PS3 - A16/PS0 [Address Bus/Processor Status] 

For small- and large-scale systems. 

These pins are time multiplexed to operate as an 
address bus and as processor status signals. 

When used as the address bus, these pins are the high 4 
bits of the 20-bit memory address. During I/O access, 
all 4 bits output data 0. 
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SEC 



The processor status signals are provided for both 
memory and I/O use. PS3 is always in the native mode 
and 1 in 8080 emulation mode. The interrupt enable 
flag (IE) is output on pin PS2. Pins PS-| and PSo indicate 
which memory segment j.s being accessed. 



A 17 /PS, 


A 16 /PS 


Segment 








Data segment 1 





1 


Stack segment 


1 





Program segment 


1 1 Data segment 



The output of these pins is three state and becomes 
high impedance during hold acknowledge. 

QS1, QSo [Queue Status] 

For large-scale systems. 

The CPU uses these signals to allow external devices, 
such as the floating-point arithmetic processor chip 
(//PD72091), to monitor the status of the internal CPU 
instruction queue. 



gs, 


QS 


Instruction Queue Status 








NOP (queue does not change) 





1 


First byte of instruction 


1 





Flush queue 


1 


1 


Subsequent bytes of instruction 



The instruction queue status indicated by these signals 
is the status when the execution unit (EXU) accesses 
the instruction queue. The data output from these pins 
is therefore valid only for one clock cycle immediately 
following queue access. These status signals are 
provided so that the floating-point processor chip can 
monitor the CPU's program execution status and 
synchronize its operation with the CPU when control is 
passed to it by the FPO (Floating Point Operation) 
instructions. These outputs are held low level in the 
standby mode. 

BS2 - BSo [Bus Status] 

For large-scale systems. 

The CPU uses these status signals to allow an external 
bus controller to monitor what the current bus cycle is. 

The external bus controller decodes these signals and 
generates the control signals required to perform 
access of the memory or I/O device. 



BS 2 


BS, 


BS 


Bus Cycle 











Interrupt acknowledge 








1 


I/O read 





1 





I/O write 





1 


1 


Halt 


1 








Program fetch 


1 





1 


Memory read 


1 


1 





Memory write 


1 


1 


1 


Passive state 



The output of these signals is three state and becomes 
high impedance during hold acknowledge. 

BUSLOCK [Bus Lock] 

For large-scale systems. 

The CPU uses this signal to secure the bus while 
executing the instruction immediately following the 
BUSLOCK prefix instruction and during interrupt 
acknowledge cycles. It is a status signal to the other 
bus masters in a multiprocessor system inhibiting 
them from using the system bus during this time. 

The output of this signal is three state an d becomes 
high impedance during hold acknowledge. BUSLOCK 
is high during standby mode except if the HALT 
instruction has a BUSLOCK prefix. 

RQ/AK-i, RQ/AKo [Hold Request/ Acknowledge] 

For large-scale systems. 

These pins function as bus hold request inputs (RQ) 
and as bus hold acknowledge outputs (AK). RQ/AKo 
has a higher priority than RQ/AK-i. 

These pins have three-state outputs with on-chip pull- 
up resistors which keep the pin at a high level when the 
output is high impedance. RQ inputs must be properly 
synchronized to CLK. 

Vdd [Power Supply] 

For small- and large-scale systems. 

This pin is used for the +5 V power supply. 

GND [Ground] 

For small- and large-scale systems. 

This pin is used for ground. 

IC [Internally Connected] 

This pin is used for tests performed at the factory by 
NEC. The//PD70116 is used with this pin at ground 
potential. 
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Absolute Maximum Ratings 

T A = +25°C 


Capacitance 

T A = +25°C,V DD = 0V 








Power supply voltage, Vqd 


-0.5 V to +7.0 V 


Parameter Symbol 


Limits 


Unit 


Test 


Power dissipation, PDmax 


0.5 W 


Min Max 


Conditions 


Input voltage, V| 
CLK input voltage, Vk 
Output voltage, Vn 


-0.5 V to V DD + 0.3 V 
-0.5VtoV DD + 1.0V 
-0.5 V to V DD + 0.3 V 


Input capacitance C| 
I/O capacitance Cio 


15 
15 


PF 
PF 


fc = 1 MHz 
Unmeasured pins 
returned to V 


Operating temperature at 5 MHz, Topt 


-40°Cto+85°C 










Storage temperature, Tstg 


-65°Cto+150°C 











Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



Supply current 



DC Characteristics 

//PD701 1 6-8, //PD701 1 6-1 0, T A = 


-10°Cto+70°C, 


Vdd = +5 V ± 5% 












Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Input voltage high 


V| H 


2.2 




V D D+0.3 


V 




Input voltage low 


VlL 


-0.5 




0.8 


V 




CLK input voltage high 


V«H 


3.9 




v DD + 1.0 


V 




CLK input voltage low 


V K L 


-0.5 




0.6 


V 




Output voltage high 


V H 


0.7xV DD 






V 


I h = -400//A 


Output voltage low 


Vol 






0.4 


V 


I l = 2.5 mA 


Input leakage current high 


'lih 






10 


/»A 


V| = V DD 


Input leakage current low 


Ilil 






-10 


/"A 


V| = V 


Output leakage current high 


'loh 






10 


M 


v = v DD 


Output leakage current low 


•lol 






-10 


AA 


v = ov 



'dd 



70116-8 
8 MHz 



70116-10 
10 MHz 



45 


80 


mA 


Normal operation 


6 


12 


mA 


Standby mode 


60 


100 


mA 


Normal operation 



14 



mA 



Standby mode 
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AC Characteristics 

T A = -10°C to +70°C, V DD = +5 V ± 5% 




Symbol 


//PD70116-8 
Min Max 


juPD701 16-10 


Unit 




Parameter 


Min 


Max 


Conditions 


Small/Large Scale 


Clock cycle 


*CYK 


125 


500 


100 


500 


ns 




Clock pulse width high 


tKKH 


44 




41 




ns 


V KH = 3.0V 


Clock pulse width low 


l KKL 


60 




49 




ns 


Vkl = 1-5V 


Clock rise time 


*KR 




10 




5 


ns 


1.5 V to 3.0 V 


Clock tall time 


tKF 




10 




5 


ns 


3.0 V to 1.5 V 


READY inactive setup to CLKl 


tSRYLK 


-8 




-10 




ns 




READY inactive hold after CLKt 


tHKRYH 


20 




20 




ns 




READY active setup to CLKt 


tSRYHK 


tKKL-8 




Ikkl-10 




ns 




READY active hold alter CLKt 


l HKRYL 


20 




20 




ns 




Data setup time to CLK i 


l SDK 


20 




10 




.ns 




Data hold time after CLK 1 


*HKD 


10 




10 




ns 




NMI, INT, POLL setup time 
to CLK t 


tsiK 


15 




15 




ns 




Input rise time (except CLK) 


t|R 




20 




20 


ns 


0.8 V to 2.2 V 


Input fall time (except CLK) 


t|F 




12 




12 


ns 


2.2 V to 0.8 V 


Output rise time 


tfJR 




20 




20 


ns 


0.8 V to 2.2 V 


Output fall time 


tOF 




12 




12 


ns 


2.2 V to 0.8 V 


Small Scale 



Address delay time from CLK i 


l DKA 


10 


60 


10 


48 


ns 


Address hold time from CLK 1 


l HKA 


10 




10 




ns 


PS delay time from CLK 1 


l DKP 


10 


60 


10 


50 


ns 


PS float delay time from CLK t 


l FKP 


10 


60 


10 


50 


ns 


Address setup time to ASTB i 


l SAST 


tKKL-30 




tKKL-30 




ns 


Address float delay time from 
CLKl 


l FKA 


*HKA 


60 


l HKA 


50 


ns 


ASTBt delay time from CLK i 


t D |<STH 




50 




40 


ns 


ASTB I delay time from CLK t 


tDKSTL 




55 




45 


ns 


ASTB width high 


{ STST 


tKKL-10 




tKKL-10 




ns 



C L = 100pF 



Address hold time from ASTB i 



tHSTA t K KH - 10 



tKKH -10 
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AC Characteristics (cont) 

T A = -10°C to +70°C, V DD = +5 V ± 5% 
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Unit 




Parameter Symbol 


Min Max 


Min Max 


Conditions 


Small Scale (cont) 



Control delay time from CLK 



Address float to RDl 



RD J delay time from CLK J 



RDt delay time from CLK J 



Address delay time from RD t 



RD width low 



Data output delay time from 
CLK i 



Data float delay time from 
CLK I 



WR width low 



HLDRQ setup time to CLK t 



HLDAK delay time from CLK J 



tDKCT 



10 



65 



10 



55 



Ufrl 



tDKRL 



10 



80 



10 



70 



tDKRH 



10 



80 



10 



60 



l DRHA 



tfJYK - 40 



*CYK - 35 



tRR 



2t CYK -50 



2t CY K-40 



l DKD 



10 



60 



10 



50 



l FKD 



10 



60 



10 



50 



t ww 



2t CY K-40 



2t CY K-35 



tSHQK 



20 



20 



tDKHA 



10 



100 



10 



60 



ns 



ns 



ns 



C L = 100 pF 



Large Scale 



Address delay time from CLK 1 



Address hold time from CLK 1 



PS delay time from CLK 1 



PS float delay time from CLK t 



Address float delay time from 
CLK I 



Address delay time from RD t 



ASTB delay time from BS i 



BS I delay time from CLK t 



BS t delay time from CLK I 
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Timing Waveforms 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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Register Configuration 

Program Counter [PC] 

The program counter is a 16-bit binary counter that 
contains the segment offset address of the next 
instruction which the EXU is to execute. 

The PCincrements each time the microprogram fetches 
an instruction from the instruction queue. A new 
location value is loaded into the PC each time a branch, 
call, return, or break instruction is executed. At this 
time, the contents of the PC are the same as the 
Prefetch Pointer (PFP). 

Prefetch Pointer [PFP] 

The prefetch pointer (PFP) is a 16-bit binary counter 
which contains a segment offset which is used to 
calculate a program memory address that the bus 
control unit (BCU) uses to prefetch the next word for 
the instruction queue. The contents of PFP are an 
offset from the PS (Program Segment) register. 

The PFP is incremented each time the BCU prefetches 
an instruction from the program memory. A new 
location will be loaded into the PFP whenever a branch, 
call, return, or break instruction is executed. At that 
time the contents of the PFP will be the same as those 
of the PC (Program Counter). 

Segment Registers [PS, SS, DSo, and DS-|] 

The memory addresses accessed by the^iPD701 1 6 are 
divided into 64K-byte logical segments. The starting 
(base) address of each segment is specified by a 
16-bit segment register, and the offset from this starting 
address is specified by the contents of another register 
or by the effective address. 

These are the four types of segment registers used. 



Segment Register 


Default Offset 


PS (Program Segment) 


PFP 


SS (Stack Segment) 


SP, effective address 


DS (Data Segment 0) 


IX, effective address 


DS-| (Data Segment 1) 


IY 



General-Purpose Registers [AW, BW, CW, and DW] 

There are four 16-bit general-purpose registers. Each 
one can be used as one 16-bit register or as two 8-bit 
registers by dividing them into their high and low bytes 
(AH, AL, BH, BL, CH, CL, DH, DL). 

Each register is also used as a default register for 
processing specific instructions. The default assign- 
ments are: 

AW: Word multiplication/division, word I/O, data 
conversion, translation, BCD rotation. 



AL: Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH: Byte multiplication/division 

BW: Translation 

CW: Loop control branch, repeat prefix 

CL: Shift instructions, rototation instructions, 
BCD operations 

DW: Word multiplication/division, indirect 
addressing I/O 

Pointers [SP, BP] and Index Registers [IX, IY] 

These registers serve as base pointers or index registers 
when accessing the memory using based addressing, 
indexed addressing, or based indexed addressing. 

These registers can also be used for data transfer and 
arithmetic and logical operations in the same manner 
as the general-purpose registers. They cannot be used 
as 8-bit registers. 

Also, each of these registers acts as a default register 
for specific operations. The default assignments are: 

SP: Stack operations 

IX: Block transfer (source), BCD string operations 

IY: Block transfer (destination), BCD string operations 

Program Status Word [PSW] 

The program status word consists of the following six 
status and four control flags. 

Status Flags Control Flags 



• MD (Mode) 

• DIR (Direction) 

• IE (Interrupt Enable) 

• BRK (Break) 



• V (Overflow) 

• S (Sign) 

• Z (Zero) 

• AC (Auxiliary Carry) 

• P (Parity) 

• CY (Carry) 

When the PSW is pushed on the stack, the word images 
of the various flags are as shown here. 

PSW 



15 


14 


13 


12 


11 


10 9876543210 


M 
D 


1 


1 


1 


V 


D IBSZ0A0P1C 
I E R C Y 
R K 



The status flags are set and reset depending upon the 
result of each type of instruction executed. 

I nstructions are provided to set, reset, and complement 
the CY flag directly. 

Other instructions set and reset the control flags and 
control the operation of the CPU. The MD flag can be 
set/reset only by the BRKEM, RETEM, CALLN, and 
RETI instructions. 
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The MD flag can be set/reset only in between ex- 
ecutions of BRKEM and RETEM. MD will not be 
restored, even as the RETI or POP PSW instruction is 
executed. 

High-Speed Execution of Instructions 

This section highlights the major architectural features 
that enhance the performance of the //PD701 1 6. 

• Dual data bus in EXU 

• Effective address generator 

• 16/32-bit temporary registers/shifters (TA, TB) 

• 16-bit loop counter (LC) 

• PC and PFP 

Dual Data Bus Method 

To reduce the number of processing steps for in- 
struction execution, the dual data bus method has 
been adopted for the //PD70116 (figure 1). The two 
data buses (the main data bus and the subdata bus) are 
both 1 6 bits wide. For addition/subtraction and logical 
and comparison operations, processing time has been 
reduced by some 30% over single-bus systems. 

Figure 1. Dual Data Buses 



A 



/ — N 




Main data bus 

83-0001 03A 



; AW *- AW + BW 
Dual Bus 

TA *- AW, TB — BW 
AW o- TA + TB 



Example 

ADD AW, BW 

Single Bus 

Step 1 TA ^ AW 

Step 2 TB ^ BW 

Step 3 AW ^ TA + TB 

Effective Address Generator [EAG] 

The Effective Address Generator (EAG) (figure 2) is a 
dedicated block of high-speed logic that computes 
effective addresses in two clock cycles. If an instruction 
uses memory, EAG decodes the second and/or third 
instruction bytes to determine the addressing mode, 
initiates any bus cycles needed to fetch data required 
to compute the effective address, and stores the 
computed effective address in the Data Pointer (DP) 
register. 

Calculating an effective address by the microprogram- 
ming method normally requires 5 to 12 clock cycles. 
This circuit requires only two clock cycles for addresses 
to be generated for any addressing mode. 
Thus, processing is several times faster. 

16/32-Bit Temporary Registers/Shifters [TA, TB] 

These 16-bit temporary registers/shifters (TA, TB) 
are provided for multiplication/division and shift/ 
rotation instructions. 

These circuits have decreased the execution time of 
multiplication/division instructions. In fact, these 
instructions can be executed about four times faster 
than with the microprogramming method. 

TA + TB: 32-bit temporary register/shifter for multi- 
plication and division instructions. 

TB: 16-bit temporary register/shifter for shift/rotation 
instructions. 



Figure 2. 
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Loop Counter [LC] 

This counter is used to count the number of loops for a 
primitive block transfer instruction controlled by a 
repeat prefix instruction and the number of shifts that 
will be performed for a multiple bit shift/rotation in- 
struction. 

The processing performed for a multiple bit rotation of 
a register is shown below. The average speed is 
approximately doubled overthe microprogram method. 

Example 

RORC AW, CL ; CL = 5 

Microprogram method LC method 

8 +(4x5) = 28 clocks 7 + 5 = 12 clocks 

Program Counter and Prefetch Pointer [PC and PFP] 

The/uPD701 1 6 microprocessor has a program counter, 
(PC) which addresses the program memory location of 
the instruction to be executed next, and a prefetch 
pointer(PFP), which addresses the program memory 
location to be accessed next. Both functions are 
provided in hardware. A time saving of several clocks 
is realized for branch, call, return, and break instruction 
execution, compared with microprocessors that have 
only one instruction pointer. 

Enhanced Instructions 

In addition to the a(PD8088/86 instructions, the 
//PD70116 has the following enhanced instructions. 



Instruction 



Function 



PUSH imm 



Pushes immediate data onto stack 



PUSHR 



Pushes 8 general registers onto stack 



POPR 



Pops 8 general registers from stack 



MUL imm Executes 16-bit multiply ol register or memory contents 

by immediate data 



SHL imm8 
SHR imm8 
SHRA imm8 
ROL imm8 
ROR imm8 
ROLC imm8 
RORC imm8 



Shifts/rotates register or memory by immediate 
value 



CHKiND Checks array index against designated boundaries 



INM 



OUTM 



Moves a string from an I/O port to memory 



PREPARE 



DISPOSE 



Moves a string from memory to an I/O port 

Allocates an area for a stack frame and copies previous 
frame pointers 

Frees the current stack frame on a procedure exit 



Enhanced Stack Operation Instructions 

PUSH imm 

This instruction allows immediate data to be pushed 
onto the stack. 

PUSH R/POP R 

These instructions allow the contents of the eight 
general registers to be pushed onto or popped from 
the stack with a single instruction. 

Enhanced Multiplication Instructions 

MUL reg16, imm16/MUL mem16, imm16 

These instructions allow the contents of a register or 
memory location to be multiplied by immediate data. 

Enhanced Shift and Rotate Instructions 

SHL reg, imm8/SHR reg, imm8/SHRA reg, imm8 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, imm8/ROR reg, imm8/ROLC reg, imm8/ 
RORC reg, imm8 

These instructions allow the contents of a register to be 
rotated by the number of bits defined by the immediate 
data. 

Check Array Boundary Instruction 

CHKIND reg16, mem32 

This instruction is used to verify that index values 
pointing to the elements of an array data structure are 
within the defined range. The lower limit of the array 
should be in memory location mem32, the upper limit 
in mem32 + 2. If the index value in reg16 is not between 
these limits when CHKIND is executed, a BRK 5 will 
occur. This causes a jump to the location in interrupt 
vector 5. 

Block I/O Instructions 

OUTM DW, src-block/INM dst-block, DW 

These instructions are used to output or input a string 
to or from memory, when preceded by a repeat prefix. 

Stack Frame Instructions 

PREPARE imm16, imm8 

This instruction is used to generate the stack frames 
required by block-structured languages, such as 
PASCAL and Ada. The stack frame consists of two 
areas. One area has a pointer that points to another 
frame which has variables that the current frame can 
access. The other is a local variable area for the current 
procedure. 
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DISPOSE 

This instruction releases the last stack frame generated 
by the PREPARE instruction. It returns the stack and 
base pointers to the values they had before the 
PREPARE instruction was used to call a procedure. 

Unique Instructions 

In addition to the //PD8088/86 instructions and the 
enhanced instructions, theyuPD701 1 6 has the following 
unique instructions. 



Instruction 


Function 


INS 


Insert bitfield 


EXT 


Extract bit field 


ADD4S 


Adds packed decimal strings 


SUB4S 


Subtracts one packed decimal string from another 


CMP4S 


Compares two packed decimal strings 


R0L4 


Rotates one BCD digit left through AL lower 4 bits 


R0R4 


Rotates one BCD digit right through AL lower 4 bits 


TEST1 


Tests a specified bit and sets/ resets Z flag 


N0T1 


Inverts a specified bit 


CLR1 


Clears a specified bit 


SET1 


Sets a specified bit 


REPC 


Repeats next instruction until CY flag is cleared 


REPNC 


Repeats next instruction until CY flag is set 


FP02 


Additional floating point processor call 



Variable Length Bit Field Operation Instructions 

This category has two instructions: INS (Insert Bit 
Field) and EXT (Extract Bit Field). These instructions 
are highly effective for computer graphics and high- 
level languages. They can, for example, be used for 
data structures such as packed arrays and record type 
data used in PASCAL. 

INS reg8, reg8/INS reg8, imm4 

This instruction (figure 3) transfers low bits from the 
16-bit AW register (the number of bits is specified by 
the second operand) to the memory location specified 
by the segment base (DSi register) plus the byte offset 
(I Y register). The starting bit position within this byte is 
specified as an offset by the lower 4-bits of the first 
operand. 

After each complete data transfer, the I Y register and 
the register specified by the first operand are auto- 
matically updated to point to the next bit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16-bits, only the 
lower 4-bits of the specified register (00H to OFH) will 
be valid. 

Bit field data may overlap the byte boundary of memory. 



Figure 3. Bit Field Insertion 
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EXT reg8, reg8/EXT reg8, imm4 

This instruction (figure 4) loads to the AW register the 
bit field data whose bit length is specified by the 
second operand of the instruction from the memory 
location that is specified by the DSO segment register 
(segment base), the IX index register (byte offset), and 
the lower 4-bits of the first operand (bit offset). 

After the transfer is complete, the IX register and the 
lower 4-bits of the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum trans- 
ferable bit length is 16 bits, however, only the lower 
4-bits of the specified register (OH to OFH) will be valid. 

Bit field data may overlap the byte boundary of memory. 

Packed BCD Operation Instructions 

The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or 
byte-format operands (ROP.4, ROL4). Packed BCD 
strings may be from 1 to 254 digits in length. 

When the number of digits is even, the zero and carry 
flags will be set according to the result of the operation. 
When the number of digits is odd, the zero and carry 
flags may not be set correctly in this case, (CL = odd), 
the zero flag will not be set unless the upper 4 bits of the 
highest byte are all zero. The carry flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 



ADD4S 

This instruction adds the packed BCD string addressed 
by the IX index register to the packed BCD string 
addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (IY, CL) +- BCD string (IY, CL) + BCD 
string (IX, CL) 

SUB4S 

This instruction subtracts the packed BCD string 
addressed by the IX index register from the packed 
BCD string addressed by the IY register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the overflow flag (V), the carry flag (CY), and 
zero flag (Z). 

BCD string (IY, CL) *- BCD string (IY, CL) - BCD 
String (IX, CL) 

CMP4S 

This instruction performs the same operation as 
SUB4S except that the result is not stored and only the 
overflow (V), carry flags (CY) and zero flag (Z) are 
affected. 

BCD string (IY, CL) - BCD string (IX, CL) 



Figure 4. Bit Field Extraction 
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R0L4 

This instruction (figure 5) treats the byte data of the 
register or memory operand specified by the instruction 
as BCD data and uses the lower 4 bits of the AL register 
(AL L ) to rotate that data one BCD digit to the left. 

Figure 5. BCD Rotate Left (ROL4) 
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ROR4 

This instruction (figure 6) treats the byte data of the 
register or memory specified by the instruction as BCD 
data and uses the lower 4 bits of the AL register (AL|_) to 
rotate that data one BCD digit to the right. 

Figure 6. BCD Rotate Right (ROR4) 
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Bit Manipulation Instructions 

TEST1 

This instruction tests a specific bit in a register or 
memory location. If the bit is 1 , the Z flag is reset to 0. If 
the bit is 0, the Z flag is set to 1 . 

NOT1 

This instruction inverts a specific bit in a register or 
memory location. 

CLR1 

This instruction clears a specific bit in a register or 
memory location. 

SET1 

This instruction sets a specific bit in a register or 
memory location. 

Repeat Prefix Instructions 

REPC 

This instruction causes the //PD70116 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes cleared or the CW register becomes 
zero. 



REPNC 

This instruction causes the //PD70116 to repeat the 
following primitive block transfer instruction until the 
CY flag becomes set or the CW register becomes zero. 

Floating Point Instruction 

FP02 

This instruction is in addition to the //PD8088/86 
floating point instruction, FP01. These instructions 
are covered in a later section. 

Mode Operation Instruction 

The //PD70T16 has two operating modes (figure 7). 
One is the native mode which executes //PD8088/86, 
enhanced and unique instructions. The other is the 
8080 emulation mode in which the instruction set of 
the //PD8080AF is emulated. A mode flag (MD) is 
provided to select between these two modes. Native 
mode is selected when MD is 1 and emulation mode 
when MD is 0. MD is set and reset, directly and 
indirectly, by executing the mode manipulation 
instructions. 

Two instructions are provided to switch operation 
from the native mode to the emulation mode and back. 

BRKEM (Break for Emulation) 
RETEM (Return from Emulation) 

Two instructions are used to switch from the emulation 
mode to the native mode and back. 

CALLN (Call Native Routine) 
RETI (Return from Interrupt) 

The system will return from the 8080 emulation mode 
to the native mode when the RESET signal is present, 
or when an external interrupt (NMI or INT) is present. 

Figure 7. V30 Modes 



HOLDREQ/HOLDACK 
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BRKEM imm8 

This is the basic instruction used to start the 8080 
emulation mode. This instruction operates exactly the 
same as the BRK instruction, except that BRKEM 
resets the mode flag (MD) to 0. PSW, PS, and PC are 
saved to the stack. M D is then reset and the interrupt vector 
specified by the operand imm8 of this command is 
loaded into PS and PC. 

The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as //PD8080AF instructions. 

In 8080 emulation mode, registers and flags of the 
/yPD8080AF are performed by the following registers 
and flags of the yuPD701 1 6. 





A<PD8080AF 


//PD70116 


Registers: 


A 


AL 




B 


CH 




C 


CL 




D 


DH 




E 


DL 




H 


BH 




L 


BL 




SP 


BP 




PC 


PC 


Flags: 


C 


CY 




z 


Z 




s 


S 




p 


P 




AC 


AC 



In the native mode, SP is used forthestack pointer. In the 
8080 emulation mode this function is performed by BP. 

This use of independent stack pointers allows indepen- 
dent stack areas to be secured for each mode and 
keeps the stack of one of the modes from being 
destroyed by an erroneous stack operation in the other 
mode. 

The SP, IX, IY and AH registers and the four segment 
registers (PS, SS, DSo, and DS-|) used in the native 
mode are not affected by operations in 8080 emulation 
mode. 

In the 8080 emulation mode, the segment register for 
instructions is determined by the PS register (set 
automatically by the interrupt vector) and the segment 
register for data is the DSo register (set by the 
programmer immediately before the 8080 emulation 
mode is entered). 

It is prohibited to nest BRKEM instructions. 



RETEM [no operand] 

When RETEM is executed in 8080 emulation mode 
(interpreted by the CPU as a//PD8080AF instruction), 
the CPU restores PS, PC, and PSW (as it would when 
returning from an interrupt processing routine), and 
returns to the native mode. At the same time, the 
contents of the mode flag (MD) which was saved to the 
stack by the BRKEM instruction, is restored to MD = 1 . 
The CPU is set to the native mode. 

CALLN imm8 

This instruction makes it possible to call the native 
mode subroutines from the 8080 emulation mode. To 
return from subroutine to the 8080 emulation mode, the 
RETI instruction is used. 

The processing performed when this instruction is 
executed in the 8080 emulation mode (it is interpreted 
by the CPU as yuPD8080AF instruction), is Similar to 
that performed when a BRK instruction is executed in the 
native mode. The imm8 operand specifies an interrupt 
vector type. The contents of PS, PC, and PSW are 
pushed on the stack and an MD flag value of is saved. 
The mode flag is set to 1 and the interrupt vector 
specified by the operand is loaded into PS and PC. 

RETI [no operand] 

This is a general-purpose instruction used to return 
from interrupt routines entered by the BRK instruction 
or by an external interrupt in the native mode. When 
this instruction is executed at the end of a subroutine 
entered by the execution of the CALLN instruction, the 
operation that restores PS, PC, and PSW is exactly the 
same as the native mode execution. When PSW is 
restored, however, the 8080 emulation mode value of 
the mode flag (MD) is restored, the CPU is set in 
emulation mode, and all subsequent instructions are 
interpreted and executed as#PD8080AF instructions. 

RETI is also used to return from an interrupt procedure 
initiated by an NMI or INT interrupt in the emulation 
mode. 

Floating Point Operation Chip 
Instructions 

FPOl fp-op, mem 

FP02 fp-op, mem 

These instructions are used, for the external floating 
point processor. The floating point operation is passed 
to the floating point processor when the CPU fetches 
one of these instructions. From this point the CPU 
performs only the necessary auxiliary processing 
(effective address calculation, generation of physical 
addresses, and start-up of the memory read cycle). 



20 



NEC 



//PD70116(V30) 



The floating point processor always monitors the 
instructions fetched by the CPU. When it interprets one 
as an instruction to itself, it performs the appropriate 
processing. At this time, the floating point processor 
chip uses either the address alone or both the address 
and read data of the memory read cycle executed by the 
CPU. This difference in the data used depends on 
which of these instructions is executed. 

Note: During the memory read cycle initiated by the CPU for FP01 
or FP02 execution, the CPU does not accept any read data 
on the data bus from memory. Although the CPU generates 
the memory address, the data is used by the floating point 
processor. 

Interrupt Operation 

The interrupts used in the/uPD70116 can be divided 
into two types: interrupts generated by external inter- 
rupt requests and interrupts generated by software 
processing. These are the classifications. 

External interrupts 

(a) NMI input (nonmaskable) 

(b) INT input (maskable) 

Software processing 

As the result of instruction execution 

— When a divide error occurs during execution 
of the DIV or DIVU instruction 

— When a memory-boundary-over error is detected 
by the CHKIND instruction 

Conditional break instruction 

— When V = 1 during execution of the BRKV 
instruction 

Unconditional break instructions 

— 1 -byte break instruction: BRK3 

— 2-byte break instruction: BRK imm8 

Flag processing (Single-step) 

— When stack operations are used to set the 
BRK flag 

8080 Emulation mode instructions 

— BRKEM imm8 

— CALLN imm8 

Starting addresses for interrupt processing routines 
are either determined automatically by a single location 
of the interrupt vector table or selected each time 
interrupt processing is entered. 



The interrupt vector table is shown in figure 8. The 
table uses 1K bytes of memory addresses 000H to 
3FFH and can store starting address data for a 
maximum of 256 vectors (4 bytes per vector). 

The corresponding interrupt sources for vectors 
to 5 are predetermined and vectors 6 to 31 are re- 
served. Consequently these vectors cannot be use for 
general applications. 

The BRKEM instruction and CALLN instruction (in the 
emulation mode) and the INT input are available for 
general applications for vectors 32 to 255. 

A single interrupt vector is made up of 4 bytes (figure 9). 
The 2 bytes in the low addresses of memory are 
loaded into PC as the offset, and the high 2 bytes are 
loaded into PS as the base address. The bytes are 
combined in reverse order. The lower-order bytes in 
the vector become the most significant bytes in the PC 
and PS, and the higher-order bytes become the least 
significant bytes. 

Figure 8. Interrupt Vector Table 



000H 
004H 
008H 
O0CH 
010H 
01 4H 
018H 

07CH 
080H 



Divide Error 

Break Flag 

NMI Input 

BRK 3 Instruction 

BRKV Instruction 

CHKIND Instruction 



— Dedicated 



- • BRK imm8 Instruction 

• BRKEM Instruction 

• INT Input [External] 

• CALLN Instruction 
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Figure 9. 


Interrupt Vector 








Vector 


83-0001 12A 




000H j 001 H 


002H j 003H 




PS^-(003H,002H) 
PC^(001H,000H) 



Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 

The basic steps to jump to an interrupt processing 
routine are now shown. 

(SP - 1 , SP - 2) *- PSW 

(SP - 3, SP - 4) — PS 

(SP-5, SP-6)^PC 

SP^SP-6 

IE^0, BRK^O, MD^O 

PS •*- vector high bytes 

PC «— vector low bytes 

Standby Function 

The//PD70116 has a standby mode to reduce power 
consumption during program wait states. This mode is 
set by the HALT instruction in both the native and the 
emulation mode. 

In the standby mode, the internal clock is supplied only 
to those circuits related to functions required to 
release this mode and bus hold control functions. As a 
result, power consumption can be reduced to 1/10 the 
level of normal operation in either native or emulation 
mode. 

The standby mode is released by inputting a RESET 
signal or an external interrupt (NMI, INT). 

The bus hold function is effective during standby 
mode. The CPU returns to standby mode when the bus 
hold request is removed. 

During standby mode, all control outputs are disabled 
and the addres/data bus will be at either high or low 
levels. 



Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 

For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 

Forconditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbol 


Meaning 


ace 


Accumulator (AW or AL) 


disp 


Displacement (8 or 16 bits) 


dmem 


Direct memory address . 


dst 


Destination operand or address 


dst-block 


Name of block addressed by IY register 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


farJabel 


Label within a different program 
segment 


far_proc 


Procedure within a different program 
segment 


fP-op 


Floating point instruction operation 


imm 


8- or 16-bit immediate operand 
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Symbols 



Symbol 


Meaning 


imm3/4 


3- or 4-bit immediate bit offset 


imm8 


8-bit immediate operand 


imm16 


16-bit immediate operand 


mem 


Memory field (000 to 111); 
8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptr16 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptr16 


Register containing a destination address 
within the current segment 


seg 


Immediate segment data (16 bits) 


shorUabel 


Label between -128 and +127 bytes from 
the end of the current instruction 


sr 


Segment register 


src 


Source operand or address 


src-block 


Name of block addressed by IX register 


src-table 


Name of 256-byte translation table 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1 bit) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AND A 


Logical product 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


Base pointer (16 bits) 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 



Symbol 


Meaning 


CL 


CW register (low byte) 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (high byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 


DS0 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


MD 


Mode flag 


ORV 


Logical sum 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
S = 1 Sign extend immediate byte 
operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


SS 


Stack segment register (16 bits) 


TA 


Temporary register A (16 bits) 


TB 


Temporary register B (16 bits) 


TC 


Temporary register C (16 bits) 


V 


Overflow flag 


W 


Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XORV- 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


Z 


Zero flag 


() 


Values in parentheses are memory contents 


— 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


-5- 


Division 


% 


Modulo 
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Flag Operations 



Register Selection (mod =11) 



Symbol 




Meaning 




(blank) 




No change 









Cleared to 




1 Set to 1 


X 




Set or cleared accord 


ing to result 


u 




Undefined 




R 




Restored to previous state 


Memory Addressing Modes 


mem 


mod = 00 


mod = 01 


mod = 10 


000 


BW + IX 


BW + IX + disp8 


BW + IX + disp16 


001 


BW + IY 


BW + IY + disp8 


BW + IY + disp16 


010 


BP-HX 


BP + IX + disp8 


BP + IX + disp16 


011 


BP + IY 


BP + IY + disp8 


BP + IY + disp16 


100 


IX 


IX + dispS 


IX + disp16 


101 


IY 


IY + disp8 


IY + disp16 


110 


Direct 


BP + disp8 


BP + disp16 


111 


BW 


BW + disp8 


BW + disp16 



reg W = 


W = 1 


000 AL 


AW 


001 : CL 


CW 


010 DL 


DW 


011 BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


IY 


Segment Register Selection 


sr Segment Register 


00 DS1 


01 PS ... 


10 ss 


11 DS0 



Instruction Set 














Mnemonic Operand 


7 6 5 4 3 2 l 


Opcode 
I 7 6 5 4 3 2 1 


I 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Transfer Instructions 



MOV 



reg, reg 


1 








1 





1 


w 


1 1 


reg 


reg 


2 - 


2 


mem, reg 


1 








1 








w 


mod 


reg 


mem 


9/13 


2-4 


reg, mem 


1 








1 





1 


w 


mod 


reg 


mem 


11/15 


2-4 


mem, imm 


1 1 











1 


1 


w 


mod 





mem 


11/15 


3-6 


reg, imm 


1 


1 


1 


W 




reg 










4 


2-3 


ace, dmem 


1 


1 














w 








10/14 


3 


dmem, ace 


1 


1 











1 


w 








9/13 


3 


sr, reg16 


1 








1 


1 


1 





1 1 


sr 


reg 


2 


2 


sr, mem16 


1 








1 


1 


1 





mod 


sr 


mem 


11/15 


2-4 


reg16, sr 


1 








1 


1 








1 1 


sr 


reg 


2 


2 


mem16, sr 


1 








1 


1 








mod 


sr 


mem 


10/14 


2-4 


DS0, reg16, mem32 


1 1 











1 





1 


mod 


reg 


mem 


18/26 


2-4 


DS1, regie, mem32 


1 1 











1 








mod 


reg 


mem 


18/26 


2-4 


AH, PSW 


1 





1 


1 


1 


1 


1 








2 


1 



PSW, AH 



10 11110 



LDEA 


reg16, mem16 


10 1 


1 1 


mod 


reg 


mem 


4 


2-4 


TRANS 


src_table 


110 10 


111 








9 


1 


XCH 


reg, reg 


10 


1 1 W 


1 1 


reg 


reg 


3 


2 




mem, reg 


10 


1 1 W 


mod 


reg 


mem 


16/24 


2-4 , 




AW, reg16 


10 10 


reg 








3 


1 . 
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Instruction Set (cont) 


Mnemonic Operand 


7 


6 


5 4 


3 


2 


1 


Opcode 
7 6 


5 


4 


3 


2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Repeat Prefixes 


REPC 





1 


1 





1 





1 














2 


1 




REPNC 





1 


1 





1 




















2 


1 




REP 

REPE 

REPZ 


1 


1 


1 1 








1 


1 














2 


1 




REPNE 
REPNZ 


1 


1 


1 1 








1 

















2 


1 




Block Transfer Instructions 


MOVBK dst, src 


1 





1 





1 





w 














11+8n 


1 




CMPBK dst, src 


1 





1 





1 


1 


w 














7 + 14n 


1 


X X X X X X 


CMPM dst 


1 





1 


1 


1 


1 


w 














7 + 10n 


1 


X X X X X X 


LDM src 


1 





1 


1 


1 





w 














7 + 9n 


1 




STM dst 


1 





1 


1 





1 


w 














7 + 4n 


1 




















n = 


nu 


mber of transfers 








I/O Instructions 



IN 


ace, imm8 


1 


1 





w 


9/13 


2 




ace, DW 


1 


1 


1 


w 


8/12 


1 


OUT 


imm8, ace 


1 


1 





1 w 


8/12 


2 




DW, ace 


1 


1 


1 


1 w 


8/12 


1 


INM 


dst, DW 





1 


1 


w 


9 + 8n 


1 


OUTM 


DW, src 





1 


1 


1 w 


9 + 8n 


1 



n = number of transfers 



BCD Instructions 



ADJBA 







1 


1 





1 


1 1 
















3 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 







1 








1 


1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADJBS 







1 


1 


1 


1 


1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 







1 





1 


1 


1 1 
















7 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, src 











1 


1 


1 1 























7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, src 


00 








1 


1 


1 1 

















1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, src 











1 


1 


1 1 














1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


R0L4 


reg8 




1 1 










1 




1 


1 1 

reg 











1 











25 


3 
















mem8 



mod 










1 




1 


1 1 
mem 











1 











28 


3-5 














R0R4 


reg8 




V 1 










1 




1 


1 1 
reg 











1 





1 





29 


3 
















mem8 











1 


1 


1 1 











1 





1 





33 


3-5 















mod mem 

n = number of BCD digits divided by 2 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 10 


Opcode 

7 6 5 4 3 2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Type Conversion Instructions 


CVTBD 110 10 10 


10 





15 


2 


U U U X X X 


CVTDB 110 10 10 1 


10 





7 


2 


U U U X X X 


CVTBW 10 110 






2 


1 




CVTWL 10 110 1 






4-5 


1 




Arithmetic Instructions 



ADD 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 W 11 



reg 



reg 



W mod 



reg 



16/24 2-4 



1 W mod 



reg 



11/15 2-4 



100000SW 11000 



reg 



3-4 



100000SW mod 000 



18/26 3-6 



1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



ADDC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 11 



reg 



reg 



1 W 



mod 



reg 



16/24 2-4 



1 1 W mod reg 



11/15 2-4 



100000SW 11010 reg 



3-4 



100000SW mod 010 



18/26 3-6 



1 1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUB 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 1 W 11 



reg 



reg 



1 1 W mod 



reg 



16/24 2-4 



1 1 1 W mod 



reg 



11/15 2-4 



100000SW 11101 



reg 



3-4 



100000SW mod 101 



18/26 



3-6 



1 1 1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



1 1 1 W 11 



reg 



reg 



1 1 W mod 



reg 



16/24 2-4 



1 1 1 W mod 



reg 



11/15 2-4 



X X X X X X 



X X X X X X 



X X X X X X 





reg, imm 



















s w 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X X 




mem, imm 



















s w 


mod 





1 


1 


mem 


18/26 


3-6 


X 


X 


X 


X 


X X 




ace, imm 











1 


1 


1 


w 












4 


2-3 


X 


X 


X 


X 


X X 


INC 


reg8 




1 




1 


1 


1 


1 


1 1 











reg 


2 


2 


X 




X 


X 


X X 




mem 




1 




1 


1 


1 


1 w 


mod 











mem 


16/24 


2-4 


X 




X 


X 


X X 




reg16 





1 













reg 












2 


1 


X 




X 


X 


X X 


DEC 


reg8 




1 




1 


1 


1 


1 


1 1 








1 


reg 


2 


2 


X 




X 


X 


X X 




mem 




1 




1 


1 


1 


1 W 


mod 








1 


mem 


16/24 


2-4 


X 




X 


X 


X X 




reg16 





1 








1 




reg 












2 


1 


X 




X 


X 


X X 


MULU 


reg 




1 




1 





1 


1 W 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u u 




mem 




1 




1 





1 


1 W 


mod 


1 








mem 


27-36 


2-4 


u 


X 


X 


u 


u u 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 1 


Opcode 
10 7 6 5 4 3 2 1 


1 Clocks 


Bytes 


Flags 
AC CY V P S Z 


Arithmetic Instructions (cont) 



MUL 



reg 



reg16,reg16,imm8 



reg16,mem16,imm8 



reg16,reg16,imm16 



CMP 



TEST 



reg, reg 



mem, reg 



reg, imm 



mem, imrri 



ace, imm 



1111011W 11101 



reg 



33-47 



1 1 1 1 1 1 W mod 1 1 



39-53 2-4 



110 10 11 



1 1 



reg 



reg 



28-34 



110 10 11 



mod reg 



34-40 3-5 



110 10 1 



1 1 



reg 



reg 



36-42 



1 1 W 11 



reg 



reg 



1 1 W mod reg 



10/14 2-4 



1111011W 11000 



reg 



3-4 



1 1 1 1 1 1 W mod mem 11/15 3-6 



1 1 1 W 



2-3 



U X X u u u 



U X X u u u 



U X X u u u 



U X X u u u 



U X X u u u 



reg16,mem16,imm16 


1 


1 1 


1 


mod 


reg 


mem 


46-48 


4-6 


u 


X 


X 


u 


u 


u 


DIVU reg 


1 1 


1 1 


1 1 w 


1 1 


1 1 


reg 


19-25 


2 


u 


u 


u 


u 


u 


u 


mem 


1 1 


1 1 


1 1 w 


mod 


1 1 


mem 


25-31 


2-4 


u 


u 


u 


u 


u 


u 


DIV reg 


1 1 


1 1 


1 1 w 


1 1 


1 1 1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 


mem 


1 1 


1 1 


1 1 w 


mod 


1 1 1 


mem 


35-49 


2-4 


u 


u 


u 


u 


u 


u 


Comparison Instructions 



reg, reg 


1 1 1 1 W 


1 1 


reg 


reg 


2 


2 


X X X X X X 


mem, reg 


1 1 1 W 


mod 


reg 


mem 


11/15 


2-4 


X X X X X X 


reg, mem 


1 1 1 1 W 


mod 


reg 


mem 


11/15 


2-4 


X X X X X X 


reg, imm 


1 S W 


1 1 


1 1 1 


reg 


4 


3-4 


X X X X X X 


cem, imm 


1 S W 


mod 


1 1 1 


mem 


13/17 


3-6 


X X X X X X 



ace, imm 


1 


1 1 1 


I w 






4 


2-3 


X X X X X X 


Logical Instructions 


NOT reg 


1 1 1 


1 1 


1 w 


110 10 


reg 


2 


2 




mem 


1 1 1 


1 1 


1 w 


mod 1 


mem 


16/24 


2-4 




NEG reg 


1 1 1 


1 1 


1 w 


110 11 


reg 


2 


2 


X X X X X X 


mem 


1 1 1 


1 1 


1 w 


mod 1 1 


mem 


16/24 


2-4 


X X X X X X 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



AND 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 1 1 reg 



reg 



1 W 



mod 



reg 



16/24 2-4 



1 1 W 



mod 



reg 



11/15 2-4 



1000000W 1 1100 



reg 



3-4 



1 W mod 10 



18/26 3-6 



1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



OR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 11 



reg 



reg 



1 W mod reg 



16/24 2-4 



1 1 W mod reg 



11/15 2-4 



1000000W 11001 



reg 



3-4 



1000000W mod 001 



18/26 3-6 



1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 


Opcode 
7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Logical Instructions (cont) 



XOR 



reg, reg 





1 1 1 w 


1 1 


reg 




reg 


2 


2 


u x x x 


mem, reg 





110 W 


mod 


reg 




mem 


16/24 


2-4 


u x x x 


reg, mem 





1 1 1 w 


mod 


reg 




mem 


11/15 


2-4 


u x x x 


reg, imm 


1 


w 


1 1 


1 1 





reg 


4 


3-4 


u x x x 


mem, imm 


1 


w 


mod 


1 1 





mem 


18/26 


3-6 


u x x x 





ace, imm 





1 


1 





w 














4 


2-3 


u 








X 


X 


X 


Bit Manipulation Instructions 




INS 


reg8, reg8 




1 1 






reg 


1 


1 1 

reg 








1 


1 





1 


31-117 


3 
















reg8, imm4 




1 1 










1 




1 1 
reg 








1 


1 


1 


1 


31-117 


4 














EXT 


reg8, reg8 


. 

1 1 






reg 


1 


1 1 
reg 








1 


1 





1 1 


26-55 


3 
















reg8, imm4 




1 1 










1 




1 1 
reg 








1 


1 


1 


1 1 


26-55 


4 














TEST1 


reg, CL 




1 1 










1 




1 1 
reg 











1 





w 


3 


3 


u 








u 


u 


X 




mem, CL 



mod 










1 




1 1 
mem 











1 





w 


12 


3-5 


u 








u 


u 


X 




reg, imm3/4 




1 1 










1 




1 1 
reg 











1 


1 


w 


4 


4 


u 








u 


u 


X 




mem, imm3/4 



mod 










1 




1 1 
mem 











1 


1 


w 


13 


4-6 


u 








u 


u 


X 


SET1 


reg, CL 




1 1 










1 




1 1 
reg 











1 


1 


w 


4 


3 
















mem, CL 



mod 










1 




1 1 
mem 











1 


1 


w 


13 


3-5 
















reg, imrri3/4 




1 1 










1 




1 1 
reg 











1 


1 1 


w 


5 


4 
















mem, imm3/4 



mod 










1 




1 1 
mem 











1 


1 1 


w 


14 


4-6 
















CY 


1 1 


1 


1 


1 


) 1 














2 


1 




1 












DIR 


1 1 


1 


1 


1 


1 














2 


1 














CLR1 


reg, CL 




1 1 










1 




1 1 
reg 











1 





1 w 


5 


3 
















mem, CL 



mod 










1 




1 1 
mem 











1 





1 w 


14 


3-5 
















reg, imm3/4 




1 1 










1 




1 1 
reg 











1 


1 


1 w 


6 


4 
















mem, imm3/4 



mod 










1 




1 1 
mem 











1 


1 


1 w 


15 


4-6 
















CY 


1 1 


1 


1 


1 ( 


) 














2 


1 

















DIR 


1 1 


1 


1 


1 

















2 


1 
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//PD70116(V30) 



Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 


Opcode 
7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC-CY. V P S Z 


Bit Manipulation Instructions (cont) 



N0T1 


reg.CL 




1 1 










1 




1 


1 

reg 










1 





1 1 w 


4 


3 
















mem, CL 



mod 










1 




1 


1 1 

nem 








1 





1 1 w 


18 


3-5 
















reg, imm3/4 




1 1 










1 




1 


1 

reg 










1 


1 


1 1 w 


5 


4 
















mem, imm3/4 



mod 










1 




1 


1 1 
nem 








1 


1 


1 1 w 


19 


4-6 
















CY 


1 1 


1 


1 





1 

















2 


1 




X 










Shift/Rotate Instructions 


SHL 


reg, 1 


1 1 





1 











w 


1 1 










reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 1 





1 











w 


mod 










mem 


16/24 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 1 





1 








1 


w 


1 1 










reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 1 





1 








1 


w 


mod 










mem 


19 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 1 

















w 


1 1 










reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 1 

















w 


mod 










mem 


19 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 


1 1 





1 











w 


1 1 







1 


reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 1 





1 











w 


mod 







1 


mem 


16/24 


2-4 


u 


X 


X 


X 


X 


X 




reg.'CL 


1 1 





1 








1 


w 


1 1 







1 


reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 1 





1 








1 


w 


mod 







1 


mem 


19 + n 


2-4 


u 


X 


LI 


X 


X 


X 




reg, imm8 


1 1 

















w 


1 1 







1 


reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


11 

















w 


mod 







1 


mem 


19 + n 


3-5 


u 


X 


u 


X 


X 


X 






















n = 


number of shifts 


















SHRA 


reg, 1 


1 1 





1 











w 


1 1 






1 


reg 


2 


2 


u 


X 





X 


X 


X 




mem, 1 


1 1 





1 











w 


mod 






1 


mem 


16/24 


2-4 


u 


X 





X 


X 


X 




reg, CL 


1 1 





1 








1 


w 


1 1 






1 


reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem.CL 


1 1 





1 








1 


w 


mod 






1 


mem 


19 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 1 

















w 


1 1 






1 


reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 1 

















w 


mod 






1 


mem 


19 + n 


3-5 


I) 


X 


u 


X 


X 


X 


ROL 


reg, 1 


1 1 





1 











w 


1 1 











reg 


2 


2 




X 


X 










mem, 1 


1 1 





1 











w 


mod 











mem 


16/24 


2-4 




x; 


X 










reg, CL 


1 1 





1 








1 


w 


1 1 











reg 


7 + n 


2 




X 


u 










mem, CL 


1 1 





1 








1 


w 


mod 











mem 


19 + n 


2-4 




X 


u 










reg, imm 


1 1 

















w 


1 1 











reg 


7 + n 


3 




X 


u 










mem, imm 


1 1 

















w 


mod 











mem 


19 + n 


3-5 




X 


u 








ROR 


reg, 1 


1 1 





1 











w 


1 1 








1 


reg 


2 


2 




X 


X 










mem, T 


1 1 





1 











w 


mod 








1 


mem 


16/24 


2-4 




X 


X 










reg, CL 


1 1 





1 








1 


w 


1 1 








1 


reg 


7 + n 


2 




X 


u 










mem, CL 


1 1 





1 








1 


w 


mod 


o 





1 


mem 


19 + n 


2-4 




X 


u 










reg, imm8 


1 1 

















w 


1 1 








1 


reg 


7 + n 


3 




X 


u 










mem, imm8 


1 1 

















w 


mod 








1 


mem 


19 + n 


3-5 




X 


u 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 


Opcode 
7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Shift/Rotate Instructions (cont) 



ROLC 


reg, 1 


1 1 





1 











w 


1 1 





1 





reg 


2 


2 


X X 




mem, 1 


1 1 





1 











w 


mod 





1 





mem 


16/24 


2-4 


X X 




reg, CL 


1 1 





1 








1 


w 


1 1 





1 





reg 


7 + n 


2 


X u 




mem, CL 


1 1 





1 








1 


w 


mod 





1 





mem 


19 + n 


2-4 


X u 




reg, imm8 


1 1 

















w 


1 1 





1 





reg 


7 + n 


3 


X u 




mem, imm8 


1 1 

















w 


mod 





1 





mem 


19 + n 


3-5 


X u 


RORC 


reg, 1 


1 1 





1 











w 


1 1 





1 




reg 


2 


2 


X X 




mem, 1 


1 1 





1 











w 


mod 





1 




mem 


16/24 


2-4 


X X 




reg, CL 


1 1 





1 








1 


w 


1 1 





1 




reg 


7 + n 


2 


X u 




mem, CL 


1 1 





1 








1 


w 


mod 





1 




mem 


19 + n 


2-4 


X u 




reg, imm8 


1 1 

















w 


1 1 





1 




reg 


7 + n 


3 


X u 




mem, imm8 


1 1 

















w 


mod 





1 




mem 


19 + n 


3-5 


X u 



n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 



11111111 



mod 1 1 



18/26 2-4 



reg16 



10 10 reg 



8/12 



1 



sr 110 



8/12 



PSW 



10 1110 



8/12 



110 



35/67 



imm 



1 1 1 S 



2-3 



POP 



mem16 



10 1111 



mod 



17/25 2-4 



reg 16 



10 11 



reg 



8/12 







sr 



1 1 1 



8/12 



PSW 



10 1110 1 



8/12 



CALL 



RET 



pop_value 



110 10 10 



24/32 



R R R R R 



R 


110 1 43/75 1 


PREPARE imm16, imm8 


110 10 * 4 
*imm8 = 0: 12/16 

imm8 > 1 : 19 + 8 (imm8 - 1): even address 
23 + 16 (imm8-1): odd address 


DISPOSE 


110 10 1 6/10 1 


Control Transfer Instructions 



near_proc 


1 1 


1 





1 

















16/20 


3 


regptr 


1 1 


1 


1 


1 


1 


1 


1 


1 1 


1 


reg 


14/18 


2 


memptr16 


1 1 


1 


1 


1 


1 


1 


1 


mod 


1 


mem 


23/31 


2-4 


far_proc 


1 





1 


1 





1 











21/29 


5 


memptr32 


1 1 


1 


1 


1 


1 


1 


1 


mod 


1 1 


mem 


31/47 


2-4 




1 1 














1 


1 








15/19 


1 


pop-value 


1 1 














1 











20/24 


3 




1 1 








1 





1 


1 








21/29 


1 
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Instruction Set (cont) 



Mnemonic Operand 



Opcode 
76543210 76543210 



Clocks 



Flags 
Bytes AC CY V P S Z 



Control Transfer Instructions (cont) 



BR 


nearJabel 


1 1 







1 








1 


13 3 














shorUabel 


1 1 







1 





1 


1 


12 2 














regptr 


1 1 




1 


1 


1 


1 


1 


1 1 1 





reg 


11 


2 






memptr16 


1 1 




1 


1 


1 


1 


1 


mod 1 





mem 


20/24 


2-4 






farJabel 


1 1 







1 





1 











15 


5 






memptr32 


1 1 




1 


1 


1 


1 


1 


mod 1 


1 


mem 


27/35 


2-4 




BV 


shortJabel 


1 




1 




















14/4 


2 




BNV 


shorUabel 


1 




1 











1 








14/4 


2 




BC, BL 


shortJabel 


1 




1 








1 











14/4 


2 




BNC, BNL 


shortJabel 


1 




1 








1 


1 








14/4 


2 




BE, BZ 


shorUabel 


1 




1 





1 














14/4 


2 




BNE, BNZ 


shorUabel 


1 




1 





1 





1 








14/4 


2 




BNH 


shortJabel 


1 




1 





1 


1 











14/4 


2 




BH 


shortJabel 


1 




1 





1 


1 


1 








14/4 


2 




BN 


shortJabel 


1 




1 


1 

















14/4 


2 




BP 


shorUabel 


1 




1 


1 








1 








14/4 


2 




BPE 


shorUabel 


1 




1 


1 





1 











14/4 


2 




BPO 


shorUabel 


1 




1 


1 





1 


1 








14/4 


2 




BLT 


shorUabel 


1 




1 


1 


1 














14/4 


2 




BGE 


shorUabel 


1 




1 


1 


1 





1 








14/4 


2 




BLE 


shorUabel 


1 




1 


1 


1 


1 











14/4 


2 




BGT 


shorUabel 


1 




1 


1 


1 


1 


1 








14/4 


2 




DBNZNE 


shorUabel 


1 1 

























14/5 


2 




DBNZE 


shorUabel 


1 1 
















1 








14/5 


2 




DBNZ 


shortJabel 


1 1 













1 











13/5 


2 




BCWZ 


shorUabel 


1 1 













1 


1 








13/5 


2 




Interrupt Instructions 


BRK 


3 


1 1 








1 


1 














38/50 


1 






imm8 


1 1 








1 


1 





1 








38/50 


2 




BRKV 


imm8 


1 1 








1 


1 


1 











40/3 


1 




RETI 




1 1 








1 


1 


1 


1 








27/39 


1 R R 


R R R R 



CHKIND 


reg16, mem32 


110 





mod 


reg 


mem 


53-56/18 2-4 


BRKEM 


imm8 


11 


1 


1 1 


1 1 1 


1 1 1 


38/50 3 
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Instruction Set (cont) 


Mnemonic 


Operand 


7 


6 


5 


4 


3 


2 


1 


Opcode 
7 6 


5 


4 3 2 10 


Clocks 


Bytes 


Flags 
AC CY V P 


S Z 


CPU Control Instructions 


HALT 




1 


1 


1 


1 





1 














2 


1 






BUSLOCK 




1 


1 


1 


1 




















2 


1 






FP01 


fP-op 


1 


1 





1 


1 


X 


X 


X 


1 1 


Y 


Y Y Z Z Z 


2 


2 








fp_op, mem 


1 


1 





1 


1 


X 


X 


X 


mod 


Y 


Y Y mem 


11/15 


2-4 






FP02 


fP-op 





1 


1 








1 


1 


X 


1 1 


Y 


Y Y Z Z Z 


2 


2 








fp_op, mem 





1 


1 








1 


1 


X 


mod 


Y 


Y Y mem 


11/15 


2-4 






POLL 




1 








1 


1 

n = 


1 1 
= number of times POLL pin is sampled. 


2 + 5n 


1 






NOP 




1 








1 




















3 


1 






Dl 




1 


1 


1 


1 


1 





1 











2 


1 






El 




1 


1 


1 


1 


1 





1 


1 








2 


1 






8080 Instruction Set Enhancements 


RETEM 




1 


1 


1 





1 


1 





1 


1 1 


1 


1110 1 


27/39 


2 


R R R R 


R R 


CALLN 


imm8 


1 


1 


1 





1 


1 





1 


1 1 


1 


110 1 


38/58 


3 
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A/PD70208 (V40) 

8/1 6-Bit, High-Integration 

CMOS Microprocessor 



Description 

The //PD70208 (V40™) is a high-performance, low- 
power 16-bit microprocessor integrating a number of 
commonly used peripherals to dramatically reduce the 
size of microprocessor systems. The CMOS construc- 
tion makes the //PD70208 ideal for the design of 
portable computers, instrumentation, and process 
control equipment. 

TheyuPD70208 contains a powerful instruction set that 
is compatible with the //PD70108///PD70116 (V20®/ 
V30®) and A'PD8086//uPD8088 instruction sets. In- 
struction set support includes a wide range of arith- 
metic, logical, and control operations as well as bit 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. TheyuPD70208 can also execute 
the entire //PD8080AF instruction set using the 8080 
emulation mode. Also available is the//PD70216 (V50™), 
identical to the //PD70208 but with a 16-bit external 
data bus. 

Features 

□ Low-power CMOS technology 

□ V20/V30 instruction set compatible 

□ Minimum instruction execution time: 250 ns 
at 8 MHz; 200 ns at 10 MHz 

□ Direct addressing of 1M bytes of memory 

□ Powerful set of addressing modes 

□ Fourteen 16-bit CPU registers 

□ On-chip peripherals including 

— Clock generator 

— Bus interface 

— Bus arbitration 

— Programmable wait state generator 

— DRAM refresh controller 

— Three 16-bit timer/counters 

— Asynchronous serial I/O controller 

— Eight-input interrupt controller 

— Four-channel DMA controller 

□ Hardware effective address calculation logic 

□ Maskable and nonmaskable interrupts 

□ IEEE 796 compatible bus interface 

□ Low-power standby mode 

V20 and V30 are registered trademarks of NEC Corporation. 
V40 and V50 are trademarks of NEC Corporation. 



Ordering Information 




Part Number Max Frequency (MHz) 


Package 


/,PD70208R8 8 


68-pin ceramic PGA 


R10 10 




L8 8 


68-pin PLCC 


L10 10 




GF8 8 


80-pin plastic QFP 


GF10 10 





Pin Configurations 



68-Pin Ceramic PGA 



o o 


0,0 


o o o 




o o o 


oo o o 


o o o 


o 


o o 




o 


o 


o o 




o 


o 


. oo 




yj 


o 


o o 


//PD70208R 


o 


o 


o o 




o 


o 


o o 




o 


o 


o o 




o 


o 


oooooooooo 


o 


o o 


o o o o o o o 





Pin Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


A2 INTP7 


B9 


DMARQ1 


F10 


AD 7 


K4 


NMI 


A3 INTP5 


B10 


DMAROO 


F11 


GND 


K5 


RESET 


A4 INTP3 


B11 


AD 


G1 


XI 


K6 


RESOUT 


A5 INTP1 


C1 


TCTL2 


G2 


CLKOUT 


K7 


HLDRQ 


A6 DMAAK3/TXD 


C2 


POLL 


G10 


As 


K8 


A19/PS3 


A7 DMAAK2 


C10 


ADi 


G11 


As 


K9 


A17/PS1 


A8 DMAAK1 


C11 


AD2 


H1 


BUFEN 


K10 


A-u 


A9 DMAAKO 


01 


QSi 


H2 


BUFR/W 


K11 


A1S 


A10 END/TC 


D2 


OSo 


H10 


A10 


L2 


IORD 


B1 TCLK 


D10 


AD 3 


H11 


A11 


L3 


BSo 


B2 T0UT2 


D11 


AD 4 


J1 


BUSLOCK 


L4 


BS2 


B3 INTP6 


E1 


ASTB 


J2 


R5WR 


L5 


READY 


B4 INTP4 


E2 


[High] 


J10 


A12 


L6 


VDD 


BS INTP2 


E10 


ADs 


J11 


A13 


L7 


HLDAK 


B6 INTAK/TOUT1/ 
SRDY 


E11 


AD 6 


K1 


MWR 


L8 


REFRQ 


B7 DMARQ3/RXD 


F1 


GND 


K2 


MRD 


L9 


A18/PS2 


B8 DMARQ2 


F2 


X2 


K3 


BSi 


L10 


A16/PS0 
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Pin Configurations (cont) 

68-Pln Plastic Leaded Chip Carrier (PLCC) 
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nnnnnnnnnnnnnnnnn 












onigsiiinonnrpoiasiont 






IORDC 


61 




43 


3 INTP7 




MRDU 


62 




42 


3 INTP6 




BSoC 


63 




41 


3 INTP5 




BSiC 


64 




40 


3 INTP4 




BS2C 


65 




39 


3 INTP3 




NMI C 


66 




38 


J INTP2 




READY C 


67 




37 


3 INTP1 




RESET C 


68 




36 


H INTAK/TOUT1/SRDY 




VddC 


1 


O pPD70208L 


35 


3 DMAAK3/TxD 




RESOUT C 


2 




34 


3 DMARQ3/RxD 




HLDAK C 


3 




33 


3 DMAAK2 




HLDRQ C 


4 




32 


3 DMARQ2 




REFRQ C 


5 




31 


3 DMAAK1 




A19/PS3 c 


6 




30 


3 DMARQ1 




A18/PS2 c 


7 




29 


3 DMAAKO 




A17/PS1 c 


8 




28 


3 DMARQO 




A16/PS0 [I 


9 




27 


HEND/TC 




\ 


OT-CMeo«»in<or»eoo>oi-eMMwin<o 
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Pin Configurations (cont) 

80-Pin Plastic QFP 
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Aie/PSo c 


1 O 64 


nioRD 




NCC 


2 63 


UNC 




A15C 


3 62 


HMWR 




A14C 


4 61 


HIOWR 




A13C 


5 60 


3 BUSLOCK 




A12C 


6 59 


3 BUFR/W 




A11 c 


7 58 


3 BUFEN 




A10C 


8 57 


3 CLKOUT 




A9C 


9 56 


IJX1 




A 8 C 


10 55 


I]X2 




GND C 


11 54 


DGND 




NC C 
GND C 


Z *PD70208GF J 


UNC 
HGND 




AD7C 


14 51 


3 [High] 




AD 6 C 


15 50 


IjASTB 




AD5C 


16 49 


HQSo 




AD4 C 


17 48 


HQS1 




AD3 C 


18 47 


HPOLL 




AD2 C 


19 46 


3 TCTL2 




AD1 L 


20 45 


3 TOUT2 




ADo C 


21 44 


Dtclk 




NC C 


22 43 


Dnc 




NC C 


23 42 


3 INTP7 




END/TC C 


24 41 
mcoh-oocnoT-ojco^'mcor^oecno 


3 INTP6 
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Pin Identification 



Symbol 


Function 


Al9-A 16 /PS 3 -PSo 


Multiplexed address/ processor status outputs 


A15"A 8 


Address bus outputs 


AD7-AD0 


Multiplexed address/data bus 


ASTB 


Address strobe output 


BS 2 -BS 


Bus status outputs 


BUFEN 


Data bus transceiver enable output 


BUFR/W 


Data bus transceiver direction output 


BUSLOCK 


Buslock output 


CLKOUT 


System clock output 


DMAAKO 


DMA channel acknowledge output 


DMAAK1 


DMA channel 1 acknowledge output 


DMAAK2 


DMA channel 2 acknowledge output 


DMAAK3/TxD 


DMA channel 3 acknowledge output/Serial 
transmit data output 


DMARQO 


DMA channel request input 


DMARQ1 


DMA channel 1 request input 


DMARQ2 


DMA channel 2 request input 


DMARQ3/RxD 


DMA channel 3 request input/Serial receive 
data input 


END/TC 


End input/Terminal count output 


GND 


Ground 


High 


High-level output except during hold 
acknowledge when it is placed in the 
high-impedance state 


HLDAK 


Hold acknowledge output 


HLDRQ 


Hold request input 


IC 


Internal connection; leave unconnected 


INTAK/T0UT1/SRDY 


Interrupt acknowledge output/Timer/counter 1 
output/Serial ready output 



Symbol 


Function 


INTP1-INTP7 


Interrupt request inputs 


I0RD 


I/O read strobe output 


I0WR 


I/O write strobe output 


MRD 


Memory read strobe output 


MWR 


Memory write strobe output 


NC 


No connection 


NMI 


Nonmaskable interrupt input 


POLL 


Poll input 


QSrQSn 


CPU queue status outputs 


READY 


Ready input 


REFRQ 


Refresh request output 


RESET 


Reset input 


RESOUT 


Synchronized reset output 


TCLK 


Timer/counter external clock input 


TCTL2 


Timer/counter 2 control input 


T0UT2 


Timer/counter 2 output 


Vdd 


+5V power supply input 


X1.X2 


Crystal/external clock inputs 
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Pin Functions 

A19-A16/PS3-PS0 [Address/Status Bus] 

These three-state output pins contain the upper 4 bits 
of the 20-bit address during T1 and processor status 
information during the T2, T3, TW, and T4 states of a bus 
cycle. During T1 of a memory read or write cycle, these 
pins contain the upper 4 bits of the 20-bit address. 
These pins are forced low during T1 of an I/O bus 
cycle. 

Processorstatus is output during T2, T3, TW, and T4 of 
both memory and I/O bus cycles. PS3 is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or8080 emulation mode bus cycle, PS3 outputs 
a high level. PS2 outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PSt and PS 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 



PS, 


PS 


Segment 








1 


Data segment 1 (DS1) 
Stack segment (SS) 


1 
1 




1 


Program segment (PS) 
Data segment (DSO) 



These pins are in the high-impedance state during hold 
acknowledge. 

A-15-A8 [Address Bus] 

These three-state pins form the middle byte of the 
active-high address bus. During any CPU, DMA, or 
refresh bus cycle, A-15-A8 output the middle 8 bits of the 
20-bit memory or I/O address. The A-| 5 -A 8 pins enter 
the high-impedance state during hold acknowledge or 
an internal interrupt acknowledge bus cycle. During a 
slave interrupt acknowledge bus cycle, A-| -A 8 contain 
the address of the selected slave interrupt controller. 



AD7-AD0 [Address/Data Bus] 

These three-state pins form the active-high, time-multi- 
plexed address/data bus. During T1 of a bus cycle, 
AD7-AD0 output the lower 8 bits of the 20-bit memory 
or I/O address. During the T2, T3, TW, and T4 states, 
AD7-AD0 form the 8-bit bidirectional data bus. 

The AD7-AD0 pins enter the high-impedance state 
during hold acknowledge or intern al interrupt acknow- 
ledge bus cycles or while RESET is asserted. 

ASTB [Address Strobe] 

This active-high output is used to latch the address 
from the multiplexed address bus in an external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 

BS2-BS0 [Bus Status] 

Outputs BS2-BS0 indicate the type of bus cycle being 
performed as follows. BS2-BS0 become active during 
the state preceding T1 and return to the passive state 
during the bus state preceding T4. 



BS 2 


BS, 


BS 


Bus Cycle 












1 


Interrupt acknowledge 
I/O read 






1 
1 



1 


I/O write 

Halt (Note 1) ,.; 


1 
1 








1 


Instruction fetch 
Memory read (Note 2) 


1 
1 


1 
1 




1 


Memory write (Note 3) 
Passive state 



Note: 

(1 ) BS2-BS0 in a halt bus cycle returns to the passive state one clock 
earlier than normal CPU bus cycles. 

(2) Memory read bus cycles include CPU, DMA read, DMA verify, 
and refresh bus cycles. 

(3) Memory write bus cycles include CPU and DMA write bus cycles. 



BS2-BS0 are three-state outputs and are high imped- 
ance during hold acknowledge. 
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BUFEN [Buffer Enable] 



BUFEN is an active-low output for enabling an extern al 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T3 of a read cycle, T2 
through T3 of a slave interrupt a cknowle dge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an internal pe- 
ripheral, DM A, refre sh, or internal interrupt acknow- 
ledge cycle. BUFEN enters the high-impedance state 
during hold acknowledge. 

BUFR/W [Buffer Read/Write] 

BUFR/W is a three-state, active-low output used to 
control the direction of an external data bus trans- 
ceiver during CPU bus cycles. A high level indicates 
the//PD70208 will perform a write cycle and a low level 
indicates a read cycle. BUFR/W enters the high- 
impedance state during hold acknowledge. 



BUSLOCK 



This active-low output provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is as serted for th e durati on of the ins truction 
following the BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the hi gh-impedan ce state during hold acknow- 
ledge. While BUSLOCK is asserted, DMAU, RCU, and 
external bus requests are ignored. 

CLKOUT 

CLKOUT is a buffered clock output used as a reference 
for all timing. CLKOUT has a 50-percent duty cycle at 
half the frequency of the input clock source. 



DMAAK0-DMAAK2 [DMA Acknowledge] 

This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control- 
ler and indicate that the peripheral can perform the 
requested transfer. 



DMAAK3/TxD [DMA Acknowledge 3]/[Serial 
Transmit Data] 

Two output signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 



• DMAAK3 is an active-low output and enables an 
external DMA peripheral to perform the requested 
DMA transfer for channel 3. 

• TxD is the serial data output from the serial control 
unit. 

DMARQ0-DMARQ2 [DMA Request] 

These synchronized inputs are used by external pe- 
ripherals to request DMA service for channels 0-2 from 
the internal DMA controller. 

DMARQ3/RxD [DMA Request 3]/[Serial Receive 
Data] 

Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 

• DMARQ3 is used by an external peripheral to request 
a DMA transfer cycle for channel 3. 

• RxD is the serial data input to the serial control unit. 



END/TC [End/Terminal Count] 

This active-low bidirectional pin con trols the termin- 
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA channel reaches its terminal 
count, the DMAU asserts TC, indicating the program- 
med operation has completed. 

END/TC is an open-drain I/O pin, and requires an 
external 2.2-kQ pull-up resistor. 
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HLDAK [Hold Acknowledge] 

When an external bus requester has become the 
highest priority requester, the internal bus arbiter will 
assert the HLDAK output indicating the address, data, 
and control buses have entered a high-impedance state 
and are available for use by the external bus master. 

Should the internal DMAU or RCU (demand mode) 
request the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
complete the current bus cycle and negate the HLDRQ 
signal. This allows the bus arbiter to reassign the bus to 
the higher priority requester. 

If a higher priority internal bus master subsequently 
requests the bus, the high-level width of HLDAK is 
guaranteed to be a minimum of one CLKOUT period. 

HLDRQ [Hold Request] 

This active-high signal is asserted by an external bus 
master requesting to use the local address, data, and 
control buses. The HLDRQ input is used by the internal 
bus arbiter, which gives control of the buses to the 
highest priority bus requester in the following order. 



Bus Master 



Priority 



RCU 

DMAU 

HLDRQ 

CPU 

RCU 



Highest (demand mode) 



Lowest (normal operation) 



INTAK/TOUT1/SRDY [Interrupt Acknowledge]/ 
[Timer 1 Output]/[Serial Ready] 

Three output signals multiplexed on this pin are 
selected by the PF field of the on-chip peripheral 
connection register. 



INTAK is an interrupt acknowledge signal used to 
casc ade ext ernal slave //PD71059 Interrupt Control- 
lers. INTAK is asserted during T2, T3, and TW states 
of an interrupt acknowledge cycle. 

TOUT1 is the output of timer/counter 1 . 



SRDY is an active-low output and indicates that the 
serial control unit is ready to receive the next 
character. 



INTP1-INTP7 [Peripheral Interrupts] 

INTP1-INTP7 accept either rising-edge or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as the//PD71059 can be cascaded to increase the 
number of vectored interrupts. 

These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 

The INTP1-INTP7 inputs contain internal pull-up 
resistors and may be left unconnected. 



IORD [I/O Read] 

This three-state pin outputs an active-low I/O read 
strobe during T2, T3, and TW of an I/O read bus cycle. 
Both C PU I/O read and DMA write bus cycles assert 
IORD. IORD is not asserted when the bus cycle 
corresponds to an internal peripheral or register. It 
enters the high-impedance state during hold acknow- 
ledge. 



IOWR [I/O Write] 

This three-state pin outputs an active-low I/O write 
strobe during T2, T3, and TW of a CPU I/O write or an 
extended DMA read c ycle a nd during T3 and TW of a 
DMA read bus cycle. IOWR is not asserted when the 
bus cycle corresponds to an internal peripheral or 
register. It enters the high-impedance state during 
hold acknowledge. 
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MRD [Memory Read Strobe] 

This three-state pin outputs an active-low memory 
read strobe during T2, T3, and TW of a memory read 
bus cycle. CPU memor y rea d, DMA read, and refresh 
bus cycles all assert MRD. MRD enters the high- 
impedance state during hold acknowledge. 



M WR [Memory Write Strobe] 

This three-state pin outputs an active-low memory 
write strobe during T2, T3, and TW of a CPU memory 
write or DMA extended write bus cycle a nd du ring T3 
and TW of a DMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 

NMI [Nonmaskable Interrupt] 

The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMI is sampled by 
CPU logic each clock cycle and when found valid for 
one or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMI interrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMI handlerfrom interrupt vector 2. The NMI interrupt 
causes the CPU to exit both the standby and 8080, 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 



POLL [Poll] 



The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execu tion of the POLL instruction, the C PU che cks the 
POLL input state every five clocks until POLL is once 
again asserted. 

QS1-QS0 [Queue Status] 

The QS1 and QSo outputs maintain instruction syn- 
chronization between the/uPD70208 CPU and external 
devices. These outputs are interpreted as follows. 



QS, 


QS 


Instruction Queue Status 








No operation 





1 


First byte of instruction fetched 


1 





Flush queue contents 


1 1 Subsequent byte of instruction fetched 



READY [Ready] 

This active-high input synchronizes external memory 
and peripheral devices with the //PD70208. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BIU to insert 
TW states. READY must be negated prior to the rising 
edge of CLKOUT during the T2 state or by the last 
internally generated TW state to guarantee recognition. 
When READY is once again asserted and recognized 
by the BIU, the BIU will proceed to the T4 state. 

The READY input operates in parallel with the internal 
//PD70208 wait control unit and can be used to insert 
more than three wait states into a bus cycle. 



REFRQ [Refresh Request] 



REFRQ is an active-low output indicating t he curre nt 
bus cycle is a memory refresh operation. REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 9-bit refresh row 
address is placed on A 8 -Aq during a refresh bus cycle. 



RESET [Reset] 



RESET is a Schmitt trigger input used to force the 
/uPD70208 to a known state b y resetting the CPU and 
on-chip peripherals. RESET must be asserted for a 
minimu m of four clocks to guarantee recognition. After 
RESET has been released, the CPU will start program 
execution from address FFFFOH in the native mode. 



Queue status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 



RESET will release the CPU from the low-power 
standby mode and force it to the native mode. 

RESOUT [Reset Output] 

Thisactive-'high outp ut is ava ilable to perform a system- 
wide reset function. RESET is internally synchronized 
with CLKOUT and output on the RESOUT pin. 

TCLK 

TCLK is an external clock source for the timer control 
unit. The three timer/counters can be programmed to 
operate with either the TCLK input or a prescaled 
CLKOUT input. 

TCTL2 

TCTL2 is the control input for timer/counter 2. 

TOUT2 

TOUT2 is the output of timer/counter 2. 



NEC 
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X1,X2 [Clock Inputs] 

These pins accept either a parallel resonant, funda- 
mental mode crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 

In the case of an external clock generator, the X2 pin 
can be either left unconnected or be driven by the 
complement of the X1 pin clock source. 

Pin States 

Table 1 lists the output pin states during the Hold, Halt, 
Reset, and DMA Cascade conditions. 



Table 1. Input/Output Pin States 



Symbol 


Pin Type 


Hold 


Halt 


Reset 


DMA 
Cascade 


Ai9-A 16 /PS 3 -PS , 
A15-A8 


3-state Out 


Hi-Z 


H/L 


H/L 


Hi-Z 


AD7-AD0 


3-state I/O 


Hi-Z 


H/L 


Hi-Z 


Hi-Z 


ASTB 


Out 


L 


L 


L 


L 


BUFEN 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


BUFR/W 


3-state Out 


Hi-Z 


H/L 


H 


Hi-Z 


BUSLOCK 


3-state Out 


Hi-Z 


H/L 


H 


Hi-Z 


BS 2 -BS 


3-state Out 


Hi-Z 


H 


H 


H 


CLKOUT 


Out 


H/L 


H/L 


H/L 


H/L 


DMAAK0-DMAAK2 


Out 


H 


H/L 


H 


H/L 


DMAAK3 
TxD 


Out 


H 

H/L 


H/L 


H 
H/L 


H/L 
H/L 


END/TC 


I/O 


H 


H/L 


H 


H 


HLDAK 


Out 


H 


H/L 


L 


L 


INTAK 


Out 


H 


H 


H 


H 


T0UT1 
SRDY 


H/L 
H/L 


H/L 
H/L. 




H/L 
H/L 


I0RD 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


iOWR 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


MRD 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


MWR 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


QS r QS 


Out 


H/L 


L 


L 


H/L 


REFRQ 


Out 


H 


H/L 


H 


H 


RESOUT 


Out 


L 


L 


H 


L 


T0UT2 


Out 


H/L 


H/L 


H/L 


H/L 



H: high level; L: 
impedance. 



low level; H/L: high or low level; Hi-Z: high 
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Block Diagram 




T0UT2 -*- 

TOUT1 •*- 

TCTL2 — 

TCLK — 



DMARQO — 
DMAAKO ■»- 

DMARQ1 — 
DMAAK1 ♦- 

DMARQ2 — 



DMAAK2 ■*- 

DMARQ3 — 
DMAAK3 *- 

END/TC — 



INTAK 
NMI 



CLKOUT 



Wait 
Control 
Unit 
[WCU] 



Timer/ 
Counter 
Unit 
[TCU] 



DMA 
Control 
Unit 
[DMAU] 



Central 
Processing 
Unit 
[CPU1 



Bus 

Interface 
Unit 
fBIUl 



Bus 

Arbitration 
Unit 
[BAU] 




~y A19-A16/PS3-PS0 
_y A15-A8 , 



ADo 



BS2-BS0 



■♦ QS1 
-*■ QSo 



POLL 
ASTB 



-*- BUFEN 
-♦ BUFR/W 



-♦ BUSLOCK 



-*■ IORD 

-- IOWR 

-*• MRD 

■♦ MWR 



Refresh 
Control 
Unit 
[RCU] 




Serial 
Control 
Unit 
[SCU] 





























— RESET 
-+■ RESOUT 



-♦ HLDAK 
— HLDRQ 



TxD 

SRDY 

RxD 
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Absolute Maximum Ratings 

T A = +25°C 



Power supply voltage, Vqd 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.3 V 


CLK input voltage, V« 


-0.5toV DD + 1.0V 


Output voltage, Vrj 


-0.5 to V DD + 0.3 V 


Operating temperature, Topt 


-10 to +70 °C 


Storage temperature, Tsjg 


-65 to +150 °C 



Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 

Capacitance 

T A = +25°C, V DD = 0V 





Limits 


Unit 


Test 


Parameter Symbol 


Min Max 


Conditions 


Input capacitance C| 


15 


PF 


f c = 1 MHz; 


Output capacitance Cn 


15 


PF 


unmeasured pins 
are returned to V. 



DC Characteristics 

T A = -10 to +70°C, V DD = +5 V ±10% (8 MHz), 
V DD = 5 V ±5% (10 MHz) 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input voltage, high 


V|H 


2.2 


V D D + 
0.3 


V 




Input voltage, low 


V|L 


-0.5 


0.8 


V 




X1.X2 input 
voltage, high 


V K H 


3.9 


V D D + 
1.0 


V 




X1,X2 input 
voltage, low 


Vkl 


-0.5 


0.6 


V 




Output voltage, high 


VOH 


0.7 V DD 




V 


Ioh = -400a<A 


Output voltage, low 


Vol 




0.4 


V 


lOL = 2.5 mA 


Input leakage 
current, high 


■lih 




10 


//A 


v, = v DD 



Input leakage 
current, low 



'lipl 



-300 //A 



V| = V, INTP 
input pins 





Ilil 


-10 


//A 


Vi = V, other 
input pins 


Output leakage 
current, high 


'loh 


10 


M 


v = v DD 


Output leakage 
current, low 


•lol 


-10 


M 


V = OV 


Supply current 
8 MHz 


'dd 


90 
20 


mA 
mA 


Normal mode 
Standby mode 


10 MHz 


'dd 


120 
25 


mA 
mA 


Normal mode 
Standby mode 
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AC Characteristics 

T A = -10 to +70°C; V DD = 5 V ±10% (8 MHz), V DD 


= 5V±5%(10MHz),C L = 


= 100pF 










Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


External clock input cycle time 


tfJYX 


62 


250 


50 


250 


ns 




External clock pulse width, high 


txXH 


20 




19 




ns 


V K H = 3.0V 


External clock pulse width, low 


l XXL 


20 




19 




ns 


Ykl = 1-5V 


External clock rise time 


tXR 




10 




5 


ns 


1.5 — 3.0 V 


External clock fall time 


tXF 




10 




5 


ns 


3.0 — 1.5V 


CLKOUT cycle time 


trjYK 


124 


500 


100 


500 


ns 




CLKOUT pulse width, high 


l KKH 


0-5 t CYK - 7 




0.5 t CY K - 5 




ns 


V KH = 3.0V 


CLKOUT pulse width, low 


%L 


0.5t C YK-7 




0.5 t CYK - 5 




ns 


V KL = 1.5V 


CLKOUT rise time 


t«R 




7 




5 


ns 


1.5 — 3.0 V 


CLKOUT fall time 


t«F 




7 




5 


ns 


3.0 — 1.5 V 


CLKOUT delay time from external clock 


tDXK 




55 




40 


ns 




Input rise time (except external clock) 


t|R 




20 




15 


ns 


0.8 -* 2.2 V 


Input fall time (except external clock) 


t|F 




12 




10 


ns 


2.2'— 0.8 V 


Output rise time (except CLKOUT) 


trjR 




20 




15 


ns 


0.8 — 2.2 V 


Output fall time (except CLKOUT) 


tOF 




12 




10 


ns 


2.2 — 0.8 V 


RESET setup time to CLKOUTl 


tSRESK 


25 




20 




ns 




RESET hold time after CLKOUTl 


l HKRES 


35 




25 




ns 




RESOUT delay time from CLKOUTi 


tDKRES 


5 


60 


5 


50 


ns 




READY inactive setup time to CLKOUTt 


tSRYLK 


15 




15 




ns 




READY inactive hold time after CLKOUTt 


t'HKRYL 


25 




20 




ns 




READY active setup time to CLKOUTt 


tSRYHK 


15 




15 




ns 




READY active hold time after CLKOUTt 


tHKRYH 


25 




20 




ns 




NMI, POLL setup time to CLKOUTt 


*SIK 


15 




15 




ns 




Data setup time to CLKOUTi 


tSDK 


15 




15 




ns 




Data hold time after CLKOUTi 


l HKD 


10 




10 




ns 




Address delay time from CLKOUTi 


tDKA 


10 


55 


10 


50 


ns 


Ai9-A UBE 


Address hold time after CLKOUTi 


tHKA 


10 




10 




ns 




I/O recovery time 


tAI 


2t CYK -50 




2t CY K-40 




ns 


(Note 1) 


PS delay time from CLKOUTi 


tDKP 


10 


60 


10 


50 


ns 




PS float delay time from CLKOUTt 


*FKP 


10 


60 


10 


50 


ns 




Address setup time to ASTBi 


tSAST 


%L-20 




Ikkl-30 




ns 




Address float delay time from CLKOUTi 


*FKA 


tHKA 


60 


tHKA 


50 


ns 




ASTBt delay time from CLKOUTi 


l DKSTH 




45 




40 


ns 




ASTBi delay time from CLKOUTt 


tDKSTL 




50 




45 


ns 




ASTB pulse width, high 


tSTST 


tKKL-10 




tKKL-10 




ns 




Address hold time after ASTBi 


tHSTA 


tKKH - 20 




tKKH - 20 




ns 




Control delay time from CLKOUT 


tDKCTI 


10 


70 


10 


60 


ns 


(Note 2) 




tDKCT2 


10 


60 


10 


55 


ns 


(Note 3) 
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AC Characteristics (cont) 




Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


RDi delay time from address float 


tDAFRL 












ns 


(Note 4) 


RDi delay time from CLKOUTi 


*DKRL 


10 


75 


10 


65 


ns 




RDt delay time from CLKOUTi 


l DKRH 


10 


70 


10 


60 


ns 




REFRQT delay from MRDT 


tDRQHRH 


tKKL-30 




tKKL-30 




ns 


(Note 5) 


Address delay time from RDt 


tDRHA 


tfJYK - 40 




*CYK - 40 




ns 




RD pulse width, low 


l RR 


2t CYK - 50 




2t CY K-40 




ns 




BUFR/W delay from bTJfINT 


l DBECT 


Ikkl-20 




t KKL "20 




ns 


Read cycle 




l DWCT 


tKKL - 20 




tKKL -20 




ns 


Write cycle 


Data output delay time from CLKOUTi 


tDKD 


10 


60 


10 


55 


ns 




Data float delay time from CLKOUTi 


tFKD 


10 


60 


10 


55 


ns 




WR pulse width, low 


t W W 


2t C YK - 40 




2t C YK - 40 




ns 


(Note 4) 


BSi delay time from CLKOUTt 


l DKBL 


10 


60 


10 


55 


ns 




BSt delay time from CLKOUTi 


tuKBH 


10 


60 


10 


55 


ns 




HLDRQ setup time to CLKOUTt 


l SHQK 


20 




15 




ns 




HLDAK delay time from CLKOUTi 


l DKHA 


10 


70 


10 


60 


ns 




DMAAKi delay time from CLKOUTT 


tDKHDA 


10 


60 


10 


55 


ns 




DMAAKi delay time from CLKOUTi 


l DKLDA 


10 


90 


10 


80 


ns 


Cascade mode 


WR pulse width, low (DMA cycle) 


t WW1 


2t C YK - 40 




2t C YK - 40 




ns 


DMA extended 
write cycle 


WR pulse width, low (DMA cycle) 


t W W2 


tfJYK - 40 




tCYK - 40 




ns 


DMA normal 
write cycle 


RDi, WRi delay from DMAAKi 


f DDARW 


tKKH ~ 30 




l KKH - 30 




ns 




DMAAKt delay from RDT 


l DRHDAH 


tKKL-30 




tKKL" 30 




ns 




RDt delay from WRt 


l DWHRH 


5 




5 




ns 




TC output delay time from CLKOUTt 


f DKTCL 




60 




55 


ns 




TC off delay time from CLKOUTt 


tDKTCF 




60 




55 


ns 




TC pulse width, low 


l TCTCL 


tCYK - 15 




tfJYK - 15 




ns 




TC pullup delay time from CLKOUTt 


tDKTCH 




tKKH 
+ t CYK -10 




tKKH 
+ t C YK - 10 


ns 




END setup time to CLKOUTt 


tSEDK 


35 




30 




ns 




END pulse width, low 


l EDEDL 


100 




80 




ns 




DMARQ setup time to CLKOUTt 


{ SDQK 


35 




30 




ns 




INTPn pulse width, low 


l IPIPL 


100 




80 




ns 




RxD setup time to SCU internal clocki 


l SRX 


1 




0.5 




/US 




RxD hold time after SCU internal clocki 


l HRX 


1 




0.5 




fjS 




SRDY delay time from CLKOUTi 


l DKSR 




150 




100 


ns 





Notes: 

(1) This is specified to guarantee a read/write recovery time for I/O (4) RD represents IORD and MRD. WR represents IOWR and MWR. 

devices. ,,.. 

(5) 



(2) Delay from CLKOUT to DMA cycle MWR/IOWR outputs. 



This is specified to guarantee that REFRQ t is delayed from 
MRD T at all times. 



(3) Delay from CLKOU T to BUFR/W , BUFEN, INTAK, REFRQ out- 
puts and CPU cycle MWR/IOWR outputs. 
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AC Characteristics (cont) 




Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


TxD delay time from T0UT1 i 


tOTX 




500 




200 


ns 




TCTL2 setup time from CLKOUTi 


*SGK 


50 




40 




ns 




TCTL2 setup time to TCLKt 


tSGTK 


50 




40 




ns 




TCTL2 hold time after CLKOUTi 


l HKG 


100 




80 




ns 




TCTL2 hold time after TCLKt 


*HTKG 


50 




40 




ns 




TCTL2 pulse width, high 


tGGH 


50 




40 




ns 




TCTL2 pulse width, low 


l GGL 


50 




40 




ns 




TOUT output delay time from CLKOUTi 


l DKTO 




200 




150 


ns 




TOUT output delay time from TOUTi 


l DTKTO 




150 




100 


ns 




TOUT output delay time from TCTL21 


tDGTO 




120 




90 


ns 




TCLK rise time 


l TKR 




25 




25 


ns 




TCLK fall time 


tTKF 




25 




25 


ns 




TCLK pulse width, high 


l TKTKH 


50 




45 




ns 




TCLK pulse width, low 


l TKTKL 


50 




45 




ns 




TCLK cycle time 


l CYTK 


124 


DC 


100 


DC 


ns 




RESET pulse width low 


tRESETI 


50 




50 




us 


After power on 




*RESET2 


4t CYK 




4trjYK 






During operation 
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Clock Input Configurations 



Timing Measurement Points 



Crystal-Controlled Internal Clock 



■iH 



HI p 

15 pF I 

15 pF T 
-II i- 



External Clock 1 



CLK 



->- 



L>~ 



External Clock 2 

— >°- 



Buffers are high-speed 
CMOS inverters. 



Input 2 
[except Clock] 



Output 



4 V V 2 - 2 v 2.2 V y 

V 2.2 V 2.2 V y 



Timing Waveforms 

Clock Timing 



tXR- 



External 
Clock 

[XI] 



tDXK 



t XF 



J~^LJ^LJr^J~^J^vJr\- 



-tCYX" 



tDXK | 
tcYK- 



txXL 



txXH 



-tKKH" 



A__J L_J tt / 



tKF- 



tKR- 



-tKKL- 
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Timing Waveforms (cont) 

Reset and Ready Timing 



Reset Timing 



J~~\-J 



RESET 



\ 



^\^T^J 



-tSRESK 



-•hkres 



/ 



-*DKRES- 



/ 



••— tDKRES- 



\ 



Ready Timing, No Wait States 



_/~\_^~Y_/~v_y~v^~\ 



*SRYHK - 



r~\ 



tHKRYH 



Ready Timing, Wait States 



CLKOUT 



^~\-jr\_jr^^^_y 



tSRYLK — +■ 



- tHKRYH 



\ 



Jf \ 



-tHKRYL 
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Timing Waveforms (cont) 

Poll, NMI, and Buslock Timing 



POLL, NMI Input Timing 



CLKOUT 



POLL, NMI 



CLKOUT 



r^TA 



ISIK 



X 



BUSLOCK Output Timing 



♦- *DKA — *\ U— *DK 

\ „ r 



Read/ Write Recovery Time 
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Timing Waveforms (cont) 

Read Timing 



T4 | T1 



CLKOUT ' 



A19/PS3- 
A16/PS0 



*DKA" 



A15-A8 



X 



AD7-AD0 



MRD 
IORD 



BS2-BS0 



tDKSTH" 



I T2 






" tSAST 



H 



T4 | 



Processor Status 



tDKP 



tFKP 



DC 



tSAST 



^ Address i 



7 



tsTST" 



*DKSTL " 



\ 






tDKCT2 



-tFKA 



"tHSTA 



\ 



■* *SDK" 



\ Data Input > 



tHKD" 



- tDKCT2 



\ 



"tDAFRL 



- tDKRL 



\ 



[Note 1] 



J 



tDKCT2 



7 



'dbect 

« — tDKCT2 



r 



[Notel] 



/ 



tRR 



"tDKRH 



•* tDRHA- 



7 



■ tDKBL 



Note: 

[1] Except internal I/O accesses. 



A 



*DKBH 



NEC 



A/PD70208 (V40) 



Timing Waveforms (cont) 

Write Timing 



JT\ 




\-J~\ 



A 19 /PS 3 - 
Aie/PSo 



1 Address Y 



A15-A8 



X 



AD7-ADQ 



J ^ 



BUFR/W 



MWR, 
IOWR 



BS2-BS0 ■ 



•dka- 



Processor Status 



> 



<z 



XI 



i Address I 



tSAST- 



tDKCT2 



\ 



_/ 



-tDKD 



-1 



Data Output 



*FKD 



y- 



tHKA 



- tHSTA 



\ 



tDKCT2 



[Notel] 



r 



tDKCT2 



7 



\ 



[Notel] 



7 



tww- 



tDKCT2 



\ 



7 



- tDKBL 



Note: 

[1] Except internal I/O accesses. 



-I 



" tDKBH 
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Timing Waveforms (cont) 

Status Timing 



T1 



CLKOUT 



A 19 /PS 3 
-A 16 /PS 



x 



*DKA- 



A15-A8 



X 



AD7-AD0 



BS2-BS0 



\ 



tDKBL 



Address 



X 



Processor Status 



IDC 



tFKA- 



^ Address i 



r^ 



•SDK 



^ 



■( . Data Input i < 



Bus Status 



7 



- *DKBH 



MRD, IORD 
MWR, iOWR 



QS1, QSO 



tDKA" 



tDAFRL " 



\ 



■ tDKRL 



tRR ■ 



/ 



" tDRHA *■ 



" *DKRH 



v y v y y — 

-A A A A A__ 
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Timing Waveforms (cont) 

Interrupt Acknowledge Timing 




AD7AD0 



*ZZi £HH> 



Ais-Aa 



>: 



•DKCT2 - 



\ 



1 



Vector number 
[Note 2] 



7^^ 



/ 



[Note 2] 



7 



\ 



/ 



\ 



[Note 2] 



7 



BUSLOCK 

Note: 



\ 



/ 



[1] Slave address when the interrupt is from external juPD71059. Undefined when internal ICU 

interrupt. 
[2] Solid line when interrupt from external //PD71059. Dash line when internal ICU interrupt. 
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Timing Waveforms (cont) 

HLDRQ/HLDAK Timing, Normal Operation 



I L. I i | I II I, II | II . II 



^•-tSHQK 



/ 



\ 



I 



\ 



[N0TE1] Internal Bus Master 



\ 



Internal 
Bus Master 



[NOTE 2] Internal Bus Master 



-ii- 



Internal Bus Master 



NOTES: [1] Ai 9 /PS 3 -A 16 /PS , AD7-AD0, A, 5 -A 8 , BUFEN,BUFR/W,MRD,IORD,MWR,IOWR 
[2] BS2-BS0 



HLDRQ/HLDAK Timing, Bus Wait 



CLKOUT \ 






r^\_y~A__/~ 














/ N 


r 


^ 




/ 


\ / 


\ 


J~^_ 




tsHQK *" 




— 












tDKHA »- 




\ 


s 


— 












' 


r 












[NOTE1] 




External Bus Master 




)— 


— / Internal Bus Master 

83-002732 B 


NOTE: [1] 


A 19 /PS 3 -A 16 /PS , AD7-AD 


, A 15 -A 8 , BUFEN, BUFR/W, MRD, IORD, MWR, IOWR, BS2-BS0 
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Timing Waveforms (cont) 

Refresh Timing 



T2 



T3/TW 



A 19 /PS 3 
-Ai 6 /PS 



A15-A9 



A 8 



AD7-AD0 



REFRQ 



BS2-BS0 



— •> U tDKP 

/ Undefined |j 



tDKA 



4 



X 



X 



XZ 



Undefined 



x: 



-tHKA 



Row Address 



x: 



— * Row Address }> 



/ 



7 



tDKCT2 



\ 



tDAFRL 



\ 



\ 



—- *-*DKBL 



\ 



tDRQHRH — - 



/ 



tDKCT2 



<z 



X 



/ 



BS2 = 1,BSi = 0, BSo = 1 



7 



-tDKBH 
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Timing Waveforms (cont) 

DMAU, DMA Transfer Timing 



T2 



tDKBL- 



BS2-BS0 



A 19 /PS 3 
-A 16 /PS 



A15-A8 



AD7-AD0 



NIRD, IORD 



MWR, IOWR 



X 



; r ~V^^^W 



7 



-tDKBH 



tDKA- 



/ 



\ Address 5 



X 



\ 



tDKP 
— tHKA 



\ Address £■ 



tDKHDA 



-J 



\ 



*DKRL- 



'ddarw- 



*DKCT1 



'ddarw- 



-tFKA 



\ 



-tDAFRL 



Early write mode 



-tRR- 



i — tDKCTI 
-*WW1 



)C 



x: 
-c 



/ 



/ 



tDKHDA 



•drhdah 

tDKRH 



-*WW2- 



/ 



• tDKCTI 

— »4-tDWHRH 
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Timing Waveforms (cont) 

DMA Timing 



END/TC Timing 



r^u^-j r ~vj 



<1F 



n_/ 



■ <DKTCF 
-tDKTCH 



DMA Request Timing 



DMARQn 
(n = 0-3) 



~H ts 

F 



Cascade Mode, Normal Operation 



'SDQK — »4 •*— 'SDQK— »- 
I « N \ 

/ \ 



•dklda - 
it- 



\ 



/ 



Cascade Mode, Refresh Cycle Insertion 



j W H- 



\ 



X 
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Timing Waveforms (cont) 

SCU Timing 



X 



L 



tSRX •" 



CLKOUT 



SR5Y 



"* *HRX" 



xz 



j\j\i\j\j\ruij~vr\j 



16 or 64 TOUT1 pulses- 



-16 or 64 T0UT1 pulses- 



X 



-tDTX" 



J~^J 



r^^f 



-tDKSB" 



ICU Timing 














INTPn 




« tlPIPL * 

r : 




(n=1-7) 


\ 


t 


83-004020B 
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Timing Waveforms (cont) 

TCU Timing, Internal Clock Source 



y~\^^\^^v_^x_A^v 



*SGK 



-tHKG- 



*GGL- 



-'ggh- 



\ / \ / 



tsGK 
-tHKG" 



TOUTn 
[n = 1,2] 



X 



tDGTO (TOUT2) 



tDKTO 



X 



TCU Timing, TCLK Source 



tfKR *TKF 



^f^^J^^f-^^j r -\_y-\ 



tSGTK - 



tTKTKH 



■ tCYTK *• 



tfKTKL 



tHTKG 



/\_/ 



tDGTO - 
(TOUT2) 



*GGL 



-tGGH 



TOUTn 
[n = 1,2] 



-tSGTK 



\_/ 



*HTKG 



xzzd; 



- tDTKTO 
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Functional Description 

Refer to the //PD70208 block diagram for an overview 
of the ten major functional blocks listed below. 

• Central processing unit (CPU) 

• Clock generator (CG) 

• Bus interface unit (BIU) 

• Bus arbitration unit (BAU) 

• Refresh control unit (RCU) 

• Wait control unit (WCU) 

• Timer/counter unit (TCU) 

• Serial control unit (SCU) 

• Interrupt control unit (ICU) 

• DMA control unit (DMAU) 

Figure 1. /jPD70208 CPU Block Diagram 



Central Processing Unit 

The A/PD70208 CPU functions similarly to the CPU of 
the //PD70108 CMOS microprocessor. However, be- 
cause the //PD70208 has internal peripheral devices, 
its bus architecture has been modified to permit 
sharing the bus with internal peripherals. The£iPD70208 
CPU is object code compatible with both the//PD70108/ 
//PD701 16 and theyuPD8086//uPD8088 microprocessors. 

Figure 1 is the//PD70208 CPU block diagram. A listing 
of the//PD70208 instruction set is in the final sections 
of this data sheet. 











i 


nternal address/data bus (20) 






83-002733 B 




1 






_^> To BIU 








o 






■* — NMI 

+ INT 

(from ICU) 

>• — CLOCK 
(from CG) 

BCU 


L 


'^ 








PS 


• 

• 
• 

• 

• 
• 




T-State 
Control 




ss 


DS 


n 




DSi 










PFP 


Cycle 
Decision 




Interrupt 
Control 






> 


DP 






TEMP 


u 






Qo 


0.1 


Queue 
Control 




Standby 
Control 


Q 2 


Qs 




























S 

/ 
















• 












n 
IS 

•o 

0> - 

3 2 

oi 




EXU 
"29^ Micro data bus 




LC 


o 


PC 


Effective Address 
Generator 


c 




AW 


BW 








CW 


^Address " 
Register . 


D 


^Instruction 
ROM 


DW 


IX 


IY 


BP 


SP 
















> 
f 

3 
3 


^Sequence 
Control 






TC 


/ — V 


> 






- Shifter 






• 




TB 


> 


[ Instruction Decoder 


^ 


\ ALU / 


r 






n 








< 




\ 


PSW |< 


\ 


Subdat 


a b 


us(16 


) 








Main d 


ata 


bu 


s(ie 


) 









NEC 



1/PD70208 (V40) 



Register Configuration 

Program Counter [PC]. The program counter is a 16- 
bit binary counter that contains the program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
the PC are replaced whenevera branch, call, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 

Prefetch Pointer [PFP]. The prefetch pointer is a 
16-bit binary counter that contains the program seg- 
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BIU) fetches 
an instruction for the instruction queue. The contents 
of the PFP are replaced whenever a branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. 

Segment Registers [PS, SS, DS , DS^. The/yPD70216 
memory address space is divided into 64K-byte logical 
segments. A memory address is determined by the sum 
of a 20-bit base address (obtained from a segment 
register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. The four segment registers 
are program segment (PS), stack segment (SS), data 
segment (DSn), and data segment 1 (DS-|). The 
following table lists their offsets and overrides. 



Default 
Segment Register Offset 


Override 


PS 


PFP register 


None 


SS 


SP register 


None 


SS 


Effective address (BP-based) 


PS, DS , DS-i 


DS 


Effective address (non BP-based) 


PS.SS.DSi 


DS 


IX register (1) 


PS, SS, DSi 


DSt 


IY register (2) 


None 



General-Purpose Registers. The//PD70208 CPU con- 
tains four 16-bit, general-purpose registers (AW, BW, 
CW, DW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
AL, BH, BL, CH, CL, DH, DL). General-purpose 
registers may also be specified implicitly in an in- 
struction. The implicit assignments are: 

AW Word multiplication/division, word I/O, 
data conversion 

AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Loop control, repeat prefix 

CL Shift/rotate bit counts, BCD operations 

DW Word multiplication/division, indirect 
I/O addressing 

Pointer [SP, BP] and Index Registers [IX, IY]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 

SP Stack operations, interrupts 

IX Source block transfer, BCD string 
operations, bit field extraction 

IY Destination block transfer, BCD string 
operations, bit field insertion 

Program Status Word [PSW] 

The program status word consists of six status flags 
and four control flags. 



Note: 

(1 ) Includes source block transfer, output, BCD string, and bit field 
extraction. 

(2) Includes destination block transfer, input, BCD string, and bit 
field insertion. 



Status Flags 

• V (Overflow) 

• S (Sign) 

• Z (Zero) 

• AC (Auxiliary Carry) 

• P (Parity) 

• CY (Carry) 



Control Flags 

• MD(Mode) 

• DIR (Direction) 

• IE (Interrupt Enable) 

• BRK (Break) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 

15 8 



I 

MD 


I 
1 


1 


I I 
1 


V 


I I 
DIR 


IE 


I 
BRK 


7 

















I 
S 


I 

z 





I I 
AC 





i i 
P 


1 


i 
CY 



The status flags are set and cleared automatically 
depending upon the result of the previous instruction 
execution. Instructions are provided to set, clear, and 
complement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 

Between execution of the BRKEM and RETEM in- 
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 

CPU Architectural Features 

The major architectural features of the/uPD70208 CPU 
are: 

• Dual data buses 

• Effective address generator 

• Loop counter 

• PC and PFP 

Dual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck of a 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
percent faster than single-bus systems. 

Effective Address Generator. Effective address (EA) 
calculation requires only two clocks regardless of the 
addressing mode complexity due to the hardware 
effective address generator (figure 3). When compared 
with microprogrammed methods, the hardware ap- 
proach saves between 3 and 10 clock cycles during 
effective address calculation. 

Loop Counter and Shifters. A dedicated loop counter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
block transfers and multiple shifts using microprogram- 
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 



Figure 2. Dual Data Buses 
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Figure 3. Effective Address Generator 
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Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de- 
coupled in theyuPD70208. By avoiding a single instruc- 
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjust an instruction pointer to account for prefetch- 
ing before computing the new destination address. 

Enhanced Instruction Set 

In addition to the ^PD8086/88 instruction set, the 
/[/PD70208 has added the following enhanced instruc- 
tions. 
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Instruction 



Function 



PUSH imm Push immediate data onto stack 

PUSH R Push all general registers onto stack 

POP R Pop all general registers from stack 



MUL imm 



Multiply register/memory by immediate data 



SHLimm8 
SHR imm8 
SHRA imm8 
R0Limm8 
ROR imm8 
ROLC imm8 
RORC imm8 



Shift/rotate by immediate count 



CHKIND 

INM 

OUTM 



Check array index 
Input multiple 
Output multiple 



PREPARE 
DISPOSE 



Prepare new stack frame 
Dispose current stack frame 



Unique Instruction Set 

In addition to theyuPD70208 enhanced instruction set, 
the following unique instructions are supported. 



Instruction 



Function 



INS 
EXT 



Insert bit field 
Extract bit field 



ADD4S 

SUB4S 

CMP4S 

R0L4 

R0R4 



BCD string addition 
BCD string subtraction 
BCD string comparison 
Rotate BCD digit left 
Rotate BCD digit right 



TEST1 
SET1 
CLR1 
N0T1 


Test bit 
Set bit 
Clear bit 
Complement bit 


REPC 
REPNC 


Repeat while carry set 
Repeat while carry cleared 


FP02 


Floating point operation 2 



Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highly effective for graphics, high-level languages, and 
data packing/unpacking applications. 

Insert bit field (INS) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1:IY:reg8 (figure 4). The 
bit field length can be located in any byte register or 
supplied as an immediate value. The value in reg8 is a 
bit field offset. A content of selects bit and 15 selects 
bit 15 of the word that DS0:IX points to. Following 
execution, the IY and bit offset register are updated to 
point to the start of the next bit field. 



Bit field extraction (EXT) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DS0:IX:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
a zero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
reg8 is a bit field offset. A content of selects bit and 
15 selects bit 15 of the word that DS0:IX points to. 
Following execution, the IX and bit offset register are 
updated to point to the start of the next bit field. 

Packed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as strings 
(length from 1 to 254 digits) oras a byte data type with a 
single instruction. 

BCD string arithmetic is supported by the ADD4S, 
SUB4S, and CMP4S instructions. These instructions 
allow the source string (addressed by DSO.IX) and the 
destination string (addressed by DS1 :IY) to be manip- 
ulated with a single instruction. When the number of 
BCD digits is even, the Z and CY flags are set according 
to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the upper 
4 bits of the result are zero. The CY flag will not be 
correctly set unless there is a carry out of the upper 4 
bits of the result. 

The two BCD rotate instructions (ROR4, ROL4) perform 
rotation of a single BCD digit in the lower half of the AL 
register through the register or memory operand. 

Bit Manipulation. Four bit manipulation instructions 
have been added to the//PD70208 instruction set. The 
ability to test, set, clear, or complement a single bit in a 
register or memory operand increases code readability 
as well as performance over the logical operations 
traditionally used to manipulate bit data. 

Repeat Prefixes. Two repeat prefixes (REPC, REPNC) 
allow conditional block transfer instructions to use the 
state of the CYflag as a terminating condition. The use 
of these prefixes allows inequalities to be used when 
working on ordered data, increasing the performance 
of searching and sorting algorithms. 

Floating Point Operation Instructions. Two floating 
point operation (FPO) instruction types are recognized 
by the//PD70208 CPU. These instructions are detected 
by the CPU, which performs any auxiliary processing 
such as effective address calculation and the initial bus 
cycle if specified by the instruction. It is the responsi- 
bility of the external coprocessor to latch the address 
information and data (if a read cycle) from the bus and 
complete the execution of the instruction. 
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Figure 4. Bit Field Insertion 
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Figure 5. Bit Field Extraction 
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8080 Emulation Mode. The//PD70208 CPU can operate 
in either of two modes; see figure 6. Native mode allows 
the execution of the/uPD8086/88, enhanced and unique 
instructions. The other operating mode is 8080 emu- 
lation mode, which allows the entire juPD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is 0. 

Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 
instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag becomes 
write-enabled and is cleared. 

During 8080 emulation mode, the registers and flags of 
the 8080 are mapped onto the native mode registers 
and flags as shown below. Note that PS, SS, DSo, DS-|, 
IX, IY, AH, and the upper half of the PSW registers are 
inaccessible to 8080 programs. 



MUPD8080AF 



//PD70208 



Registers 



Flags 



A/ PSW 



AL/PSW (lower) 



B 


CH 


C 


CL 


D 


DH 


E 


DL 


H 


BH 


L 


BL 



SP 


BP 


PC 


PC 


C 


CY 


Z 


Z 


S 


S 


P 


P 


AC 


AC 



During 8080 emulation mode, the BP register functions 
as the 8080 stack pointer. The use of separate stack 
pointers prevents inadvertent damage to the native 
mode stack pointer by emulation mode programs. 
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The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu- 
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal; By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 

Either an NMI or maskable interrupt will cause the 8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 
and PSW (containing MD=0) are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 

The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction operates like the BRK instruction except 
that the saved PSW indicates 8080 emulation mode. 



To exit 8080 emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack, disables modification of the MD 
bit, and execution continues with the instruction follow- 
ing the BRKEM instruction. Nesting of 8080 emulation 
modes is prohibited. 

Interrupt Operation 

The//PD70208 supports a number of external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
hand, exceptions always occur as a result of program 
execution. 

The two types of external interrupts are: 

• Nonmaskable interrupt (NMI) 

• Maskable interrupt (INT) 



Figure 6. jjPD70208 Modes 
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The six software exceptions are: 

• Divide error (DIV, DIVU instructions) 

• Array bound error (CHKIND instruction) 

• Break on overflow (BRKV instruction) 

• Break (BRK, BRK3 instructions) 

• Single step (BRK bit in PSW set) 

• Mode switch (BRKEM, CALLN instructions) 

Interrupt vectors are determined automatically for 
exceptions and the NMI interrupt or supplied by 
hardware for maskable interrupts. The 256 interrupt 
vectors are stored in a table (figure 7) located at 
address 00000H. Vectors to 5 are predetermined and 
vectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
are available for use by application software. 

Each vector is made up of two words. The word located 
at the lower address contains the new PC for the 
interrupt handler. The word at the next-higher address 
is the new PS value for the interrupt handler. These 
must be initialized by software at the start of a program. 

Nonmaskable interrupts and maskable interrupts (when 
enabled) are normally serviced following the execution 
of the current instruction. However, the following 
cases are exceptions to this rule and the occurrence of 
the interrupt will be delayed until after the execution of 
the next instruction. 

• Moves to/from segment registers 

• POLL instruction 

• Instruction prefixes 

• El instruction (maskable interrupts only) 

Another special case is the block transfer instructions. 
These instructions are interruptable and resumable, 
but because of the asynchronous operation of the BIU, 
the actual occurrence of the interrupt may be delayed 
up to three bus cycles. 

Standby Mode 

The //PD70208 CPU has a low-power standby mode, 
which can dramatically reduce power consumption 
during idle periods. Standby mode isentered by simply 
executing a native or 8080 emulation HALT instruction; 
no external hardware is required. All other peripherals 
such as the timer/counter unit, refresh control unit, 
and DMA control unit continue to operate as pro- 
grammed. 



During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmaskable 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. 

Output signal states in the standby mode are listed 
below. 



Output Signal 


Status in Standby Mode 


INTAK, BUFEN, 
MRD, MWR, I0WR, 
I0RD 


High level 


BS 2 -BS (Note 2) 


High level 


QS r QS , ASTB 


Low level 


BUSLOCK 


High level (low level if the 
HALT instruction follows the 
BUSLOCK prefix) 


BUFR/W, 
Ai9-A 16 /PS 3 -PS , 
A 15 -A 8 , AD7-AD0 


High or low level 



Note: 

(1) Output pin states during refresh and DMA bus cycles will be as 
defined for those operations. 

(2) Halt status is presented prior to entering the passive state. 
Figure 7. Interrupt Vector Table 



000H 
004H 
008H 
00CH 
010H 
014H 



Divide Error 

Break Flag 

NMI Input 

BRK 3 Instruction 

BRKV Instruction 

CHKIND Instruction 



- • BRK imm8 Instruction 

• BRKEM Instruction 

• INT Input [External] 

• CALLN Instruction 
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Clock Generator 

The clock generator (CG) generates a clock signal half 
the frequency of a parallel-resonant, fundamental 
mode crystal connected to pins X1 and X2. Figure 8 
shows the recommended circuit configuration. Capac- 
itors C1 and C2, required for frequency stability, are 
selected to match the crystal load capacitance. 

External clock sources are also accommodated as 
shown in figure 9. The CG distributes the clock to the 
CLKOUT pin and to each functional block of the 
//PD70208. The generated clock signal has a 50- 
percent duty cycle. 

Bus Interface Unit 

The bus interface unit (BIU) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). The BIU is also responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the/uPD70208 and provided externally at 
the RESOUT pin as a system-wide reset. The synch- 
ronized READY signal is combined with the output of 
the wait control unit (WCU) and is distributed internally 
to the CPU, DMA U, and RCU. Figure 10 shows the 
synchronization of RESET and READY. 

The BIU also has the capability of overlapping the 
execution of the next instruction with memory write 
bus cycles. There is no overlap of instruction execution 
with read or I/O write bus cycles. 



Figure 9. External Oscillator Configuration 
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Bus Arbitration Unit 

The bus arbitration unit (BAU) arbitrates the external 
address, data and control buses between the internal 
CPU, DMAU, and RCU bus requesters and an external 
bus master. The BAU bus priorities from the highest 
priority requester to the lowest are: 

RCU (Demand mode) 

DMAU 

HLDRQ 

CPU 

RCU (Normal mode) 

Note that RCU requests the bus at either the highest or 
lowest priority depending on the status of the refresh 
request queue. Bus masters other than the CPU are 
prohibited from using the bus when the CPU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 

If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master's acknowledge signal. When the 
BAU sees the bus request from the current master go 
inactive, the BAU gives control of the bus to the higher 
priority bus master. Whenever possible, the BAU per- 
forms bus switching between internal bus masters 
without the introduction of idle bus cycles, enhancing 
system throughput. 

System I/O Area 

The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system I/O area. 
Located in this area are the 12//PD70208 registers that 

Figure 11. OPCN Register Format 



determine the I/O addressing, enable/disable periph- 
erals, and control pin multiplexing. Byte I/O instruct- 
ions must be used to access the system I/O area. 



I/O Address 


Register 


Operation 


FFFFH 
FFFEH 
FFFDH 


Reserved 

OPCN 

OPSEL 


Read/Write 
Read /Write 


FFFCH 
FFFBH 
FFFAH 


OPHA 
DULA 
IULA 


Read /Write 
Read/Write 
Read/Write 


FFF9H 
FFF8H 
FFF7H 


TULA 
SULA 
Reserved 


Read/Write 
Read /Write 


FFF6H 
FFF5H 
FFF4H 


WCY2 
WCY1 
WMB 


•■ Read /Write 
Read/Write 
Read /Write 


FFF3H 
FFF2H 
FFF1H 


Reserved 

RFC 

Reserved 


Read/Write 


FFFOH 


TCKS 


Read /Write 



On-Chip Peripheral Connection Register 

The on-chip peripheral connection (OPCN) register 
controls multiplexing of the //PD70208 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of ICU interrupt inputs INT1 and INT2. 
The output of an internal peripheral or an external 
interrupt source can be selected as the INT1 and INT2 
inputs to the ICU. 

The pin function (PF) field in the OPCN sel ects one o f 
four possib le state s for the DMAR Q3/RxD, DMAAK3/ 
TxD, and INTAK/TOUT1/SRDY pins. Bit of the 



7 6 5 4 3 2 1 
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- | - | IRSW | PF 


OPCN 












Pin Function 


DMARQ3/RxD 


DMAAK3/TXD 


INTAK/SRDY/TOUT1 




00 


DMARQ3 


DMAAK3 


INTAK 


01 


DMARQ3 


DMAAK3 


TOUT1 


10 


RxD 


TxD 


INTAK 


11 


RxD 


TxD 


SRDY 










Interrupt Request Switch 


INT1 


INT2 












00 


INTR1 Pin 


INTP2 Pin 


01 


SCU 


INTP2 Pin 


10 


INTP1 Pin 


TOUT1 


11 


SCU 


TOUT1 
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OPCN controls the fun ction o f the 
SRDY pin. If cleared, INTAK will 



INTAK/TOUT1/ 
appear on this 



output pin. If bit is set, either TOUT1 or SRDY will 
appear at the output depending on the state of bit 1 . If 
bit 1 is cleared, DMA chann el 3 I/O si gnals will appear 
on the DMARQ3/RxD and DMAAK3/TxD pins. If the 
SCU is to be used, bit 1 of the PF field must be set. 

On-Chip Peripheral Selection Register 

The on-chip peripheral selection (OPSEL) register is 
used to enable or disable the/yPD70208 internal periph- 
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 

Figure 12. OPSEL Register Format 



~J 



Peripheral 
Selected 



ICU 



Operation 



= Disabled 

1 = Enabled 



Internal Peripheral Relocation Registers 

The five internal peripheral relocation registers (figure 
13) are used to fix the I/O addresses of the DMAU, I CU, 
TCU, and SCU. The on-chip peripheral high-address 
(OPHA) register is common to all four internal periph- 
erals and fixes the high-order byte of the 16-bit I/O 
address. The individual DMAU low-address (DULA) 
register, ICU low-address (IULA) register, TCU low- 
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph- 
erals. 

The contents of the OPHA register are: 



7 






ur 


l-IA 









A15 


A 14 


A-I3 


A12 


An 


A-io 


A 9 


A 8 



The formats for the individual internal peripheral re- 
gisters appear below. Since address checking is not 
performed, do not overlap two peripheral I/O address 
spaces. 

7 DULA o 
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Figure 13. /jPD70208 Peripheral Relocation 
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Timer Clock Selection Register 

The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 
source for each timer/counter is independently select- 
ed from eitherthe prescaled internal CPU clock orfrom 
an external clock source (TCLK). The internal clock is 
derived from the CLKOUT signal and can be divided by 
2, 4, 8, or 16 before being presented to the clock select 
logic. 

Refresh Control Unit 

The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting a 9-bit row address 
on address lines As-Ao and performing a memory read 
bus cycle. External logic can distinguish a refres h bus 
cycle by monitoring the refresh request (REFRQ) pin. 
Following each refresh bus cycle, the refresh row 
counter is incremented. 

The refresh control (RFC) register in the system I/O 
area contains two fields. The refresh enable field 
enables or disables the refreshing function. The refresh 
timer (RTM) field selects a refresh interval to match the 
dynamic memory refresh requirements. Figure 15 
shows the format for the RFC register. 

To minimize the impact of refresh on the system bus 
bandwidth, the //PD70208 utilizes a refresh request 
queue to store refresh requests and perform refresh 
bus cycles in otherwise idle bus cycles. 

The RCU normally requests the bus as the lowest- 
priority bus requester (normal mode). However, if 
seven refresh requests are allowed to accumulate in 
the RCU refresh request queue, the RCU will change to 
the highest-priority bus requester (demand mode). 

Figure 14. Timer Clock Selection Register 



The RCU will then perform back-to-back refresh cycles 
until three requests remain in the queue. This guar- 
antees the integrity of the DRAM system while maximiz- 
ing performance. 

The refresh count interval can be calculated as follows: 

Refresh interval = 8 x N x tcYK 

where N is the timer factor selected by the RTM 
field. 

When the //PD70208 is reset, the RE field in the RFC 
register is unaffected and the RTM field is se t to 010 00 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 

Figure 15. Refresh Control Register 
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Wait Control Unit 

The wait control unit (WCU) inserts from zero to three 
wait states into a bus cycle in order to compensate for 
the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in- 
dependent partiti ons to a ccommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. 

The three system I/O area registers that control the 
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 



the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. The//PD70208 internal peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. 

CPU Wait States 

The WMB register divides the 1 M-byte memory address 
space into three independent partitions: lower, middle, 
and upper. Figure 16 shows the WMB register format. 

Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 

DMA and Refresh Wait States 

The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. DMA wait states must be set to the 
maximum of the DMA memory and I/O partitions. 
Refresh wait states should be set to the maximum value 
of all DRAM memory partitions. 



Figure 16. Wait State Memory Boundary Register 



7 6 5 


4 3 2 


1 


WMB 




l-l 


LMB 


| — | UMB 


















Lower Memory Block Size [1] 
Upper Memory Block Size 


Memory Block Size (KB) 


















000 


32 




001 


64 




010 


96 




011 


128 




100 


192 




101 


256 




110 


384 




111 


512 



FFFFFH 


Upper Memory Block 




Middle Memory Block 


00000H 


Lower Memory Block 



Specified by the UMB Field 
> Specified by the LMB Field 



[1 ] By default, the address space remaining between the UBM and LBM is the 
middle memory block. 



39 



//PD70208 (V40) 



NEC 



Figure 17. Wait Cycle 1 Register 
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Wait Cycle 2 Register 
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Timer/Counter Unit 

The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. The output signal 
oftimer/counterO is hardwired internally as an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
counter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 



/yPD71054 Programmable Timer/Counter. Figure 19 
shows the internal block diagram of the TCU. 

The TCU has the following features: 

• Three 16-bit timer/counters 

• Six programmable count modes 

• Binary/BCD counting 

• Multiple latch command 

• Choice of two clock sources 



Figure 19. TCU Block Diagram 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter must be initialized by 
specifying an operating mode and a count. Once 
programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current count and the counter status can be 
read while count operations are in progress. 

TCU Commands 

The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits Ai and Aq as follows. 



Al 


A 


Register 


Operation 








TCTO 
TSTO 


Read/Write 
Read 
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TCT1 
TST1 


Read/Write 
Read 


1 





TCT2 
TST2 


Read/Write 
Read 


1 
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TMD 


Write 



The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 

Writes to the timer/counter 2-0 (TCT2-TCT0) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 

The timer status 2-0 (TST2-TST0) registers contain 
status information for the specified counter (figure 21). 
The latch command is used to latch the appropriate 
counter status before reading status information. If 
both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 

Count Modes 

There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. 

Mode [Interrupt on End Of Count]. In this mode, 
TOUT changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 



Mode 1 [Retriggerable One-Shot]. In mode 1, a low- 
level one-shot pulse, triggered by TCTL2 is output 
from the TOUT2 pin. This mode is available only on 
timer/counter 2. 

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period when the counter 
reaches the 0001 H count. A counter in this mode 
operates as a frequency divider. All timer/counters can 
operate using mode 2. 

Mode 3 [Square-Wave Generator]. Mode 3 is a frequency 
divider similar to mode 2, but the output has a sym- 
metrical duty cycle. This mode is available on all three 
timer/counters. 

Mode 4 [Software-Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 

Mode 5 [Hardware-Triggered Strobe]. Mode 5 is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on timer/counter 2. 

Serial Control Unit 

The serial control unit (SCU) is a single asynchronous 
serial channel that performs serial communication 
between the //PD70208 and an external serial device. 
The SCU is similar to the//PD71051 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 

The SCU has the following features. 

Full-duplex asynchronous serial controller 

Clock rate divisor (x16, x64) 

Baud rates to 250 kb/s supported 

7-, 8-bit character lengths 

1-, 2-bit stop bit lengths 

Break transmission and detection 

Full-duplex, double-buffered transmitter/receiver 

Even, odd, or no parity 

Parity, overrun, and framing error detection 

Receiver-full/transmitter-empty interrupt 

The SCU contains four separately addressable registers 
for reading/writing data, reading status, and control- 
ling operation of the SCU. The serial receive buffer 
(SRB) and the serial transmit buffer (STB) store the 
incoming and outgoing character data. The serial 
status (SST) register allows software to determine the 
current state of both the transmitter and receiver. The 
serial command (SCM) and serial mode (SMD) registers 
determine the operating mode of the SCU while the 
serial interrupt mask (SIMK) register allows software 
control of the SCU receive and transmit interrupts. 
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Figure 20. Timer Mode Register 
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Figure 21. TCU Status Register 



TSTn 


7 6 5 


4 3 2 1 


a 










83-001821 B 


OL'| NC | RWM | CMODE | BD 


I 




















Indicates the current mode setting. . 
The meaning of each field is the same 
as that of the TMD register. 














Null Count 


Count Data 

















Valid 


1 


Invalid 








Output Level 


Level 













Low 


1 


High 















42 



NEC 



//PD70208 (V40) 



Figure 22. TCU Waveforms (Sheet 1 of 3) 



ModeO 

CLK \ j 






















lOWR \ 


I 




LB = 3p 








r 


B=2 


















TOUT 






0000H 


FFFFH 


FFFEH 


FFFDH | 0002H 


Count Value n 


1 


n-1 | n-2 


0003H | 0002H 


0001 H 


-— \LB = 3 

IOWR | 






1 


J 


















TOUT 




0000H 


FFFFH FFFEH 


Count Value n 


1 


n-1 | 0003H 


0002H | 0004H 


0003H I 0002H 


0001 H 


Towr~1 LB 3 




















TCTL2 
TOUT2 




1 1 
















00O0H 


FFFFH 


FFFEH 


FFFDH I FFFCH 


Count Value n 

Mode 1 

CLK \ f 




n-1 I 0003H 


0002H 1 0002H 


0001H 


ILB = 2 

IOWR j 


























TCTL2 


fl 




ifl 




— -, |fl — 


it I 


TOUT2 


n-1 I n-2 


0O0OH I FFFFH 


, 1 

OO00H 1 FFFFH 


Count Value n 


' 


0002H | 0001 H 


0002H 


0001 H 


0002H 0001 H 


0002H | 0001 H | 

83-001 851 B 


-~\LB=S; 

IOWR \ | 






r -i, 










TCTL2 


if 






1 




ifl 










TOUT2 






Count Value n 


' 


n-1 


1 n-2 


0005H I 0004H 


0003H I 0002H 


0003H 


0002H 


0001 H | OOOOH 



43 



A/PD70208 (V40) 



NEC 



Figure 22. TCU Waveforms (Sheet 2 of 3) 
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Figure 22. TCU Waveforms (Sheet 3 of 3) 
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Figure 23. SCU Block Diagram 
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Receiver Operation 

Whilethe RxD pin is high, the receiver is in an idle state. 
A transition on RxD from high to low indicates the start 
of new serial data. When a complete, character has 
been received, it is transferred to the SRB; the receive 
buffer ready (RBRDY) bit in the SST register is set and 
(if unmasked) an interrupt is generated. The SST also 
latches any parity, overrun, or framing errors at this 
time. 

The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is 
set for as long as the subsequent receive data is low 
and resets when RxD returns to a high level. The MRDY 
bit (S CM) and RBR DY (SST) are gated to form the 
output SRDY. SRDY prevents overruns from occurring 
when the program is unable to process the input data. 
Software can control MRDY to prevent data from being 
sent from the remote transmitter while RBRDY can 
prevent the immediate overrun of a received character. 

Transmitter Operation 

TxD is kept high while the STB register is empty. When 
the transmitter is enabled and a character is written to 
the STB register, the data is converted to serial format 
and output on the TxD pin. The start bit indicates the 
start of the transmission and is followed by the character 



stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 

Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 

(1 ) The receiver isenabled, the SRB is full, and receive 
interrupts are unmasked. 

(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 
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SCU Registers and Commands 

I/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits Ai and Aq and the read/ 
write lines select one of the six internal registers as 
follows: 
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The SRB and STB are 8-bit registers. When the 
character length is 7 bits, the lower 7 bits of the SRB 
register are valid and bit 7 is cleared to 0. If programmed 
for 7-bit characters, bit 7 of the STB is ignored. 

The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 

Figure 24. SST Register 



Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error fl ag res et, break trans- 
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char- 
acter length, and stop bit length. 

Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
//PD71051, the SMD register can be modified at any 
time without resetting the SCU. 

The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter- 
rupt control unit. 

Baud Rate Generator 

Timer/counter 1 is used as the baud rate generator 
when the SCU is enabled. The input baud rate clock is 
scaled by 16 or 64, as selected in the SMD register, to 
determine the receive/transmit data clock. There are 
no restrictions on the SCU input baud rate clock other 
than operating the TCU in mode 3 with a square-wave 
output. 





7 6 


5 


4 3 2 1 









83-001 832 B 


SST £~ 


1 | BKD | 


FE 


| ove | pe | 1 |rbrdy|tbrdy| 
























Transmit Buffer Ready 


Operation 









STB Full 




1 


STB Empty 










Receive Buffer Ready 


Operation 







SRB Empty 


1 


SRB Full 










Parity Error 


Operation 









No Error 


1 


Error Occurred 










Overrun Error 


Operation 













No Error 




1 


Error Occurred 










Framing Error 


Operation 















No Error 




1 


Error Occurred 










Break 


Operation 

















Normal Reception 




1 


Break Detected 























47 



//PD70208 (V40) 



NEC 



Figure 25. SCM and SMD Registers 
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Figure 26. SIMK Register 







Operation 


Receiver 
Int Mask 





Unmask 


1 


Mask 


Transmitter 
Int Mask 





Unmask 


1 


Mask 



Interrupt Control Unit 

The interrupt control unit (ICU) is a programmable 
interrupt controller equivalent to the /uPD71059. The 
ICU arbitrates up to eight interrupt inputs, generates a 
CPU interrupt request, and outputs the interrupt vector 
number on the internal data bus during an interrupt 
acknowledge cycle. Cascading up to seven external 
slave /uPD71059s permits the //PD70208 to support up 
to 56 interrupt sources. Figure 27 is the block diagram 
for the ICU. 



The ICU has the following features. 

• Eight interrupt request inputs 

• Cascadable with yuPD71059 Interrupt Controllers 

• Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered interrupts only) 

• Individually maskable interrupt requests 

• Programmable interrupt request priority 

• Polling mode 

ICU Registers 

Use I/O instructions to the I/O addresses selected by 
the OPHA and IULA registers to read from and write to 
the ICU registers. Address bit An and the command 
word selects an ICU internal register. 
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Figure 27. ICU Block Diagram 
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Initializing the ICU 

The ICU is always used to service maskable interrupts 
in a /uPD70208 system. Prior to accepting maskable 
interrupts, the ICU must first be initialized (figure 28). 
Following initialization, command words from the CPU 
can change the interrupt request priorities, mask/un- 
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com- 
mand words. 

Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external /uPD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1- 
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. INTO is internally connected to 
TOUTO, and INT2 may be connected to TOUT1 by the 
IRSW field in the OPCN. 

The interrupt mask word (IMKW) contains program- 
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter- 
rupt request (IRQ) or interrupt in service (IIS) register, 
and the nesting mode. 

The initialization words are written in consecutive 
order starting with IIW1. IIW2 sets the interrupt vector. 
I IW3 specifies which interrupts are connected to slaves. 
IIW3 is only required in extended systems. The ICU will 
only expect to receive 1 1 W3 if SNGL = (bit D-i of 1 1 W1 ). 
IIW4 is only written if 114=1 (bit D of IIW1). 

//PD71059 Cascade Connection 

To increase the number of maskable interrupts, up to 
seven slave yuPD71059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31), each 

Figure 28. Initialization Sequence 
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slave //PD71059 INT output is routed to one of the 
/C/PD70208 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines A-io-As- Each slave com- 
pares this address with the slave address programmed 
using interrupt initialization word 3 (IIW3). If the same, 
the slave will place the interrupt vector on pins AD7- 
ADo during the second interrupt acknowledge bus 
cycle. 

Figure 29. Interrupt Initialization Words 1-4 
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Figure 30. Command Words 
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Figure 31. yPD71059 Cascade Connection 
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DMA Control Unit 

The DMA Control Unit (DMAU) is a high-speed DMA 
controller compatible with the //PD71071 DMA Con- 
troller. The DMAU has four independent DMAchannels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 
high as 2 megabytes/second in an 8-MHz system. 
Figure 32 is the block diagram for the DMAU. 

The DMAU has the following features. 

Four independent DMA channels 

Cascade mode for slave //PD71071 DMA controllers 

20-bit address registers 

16-bit transfer count registers 

Single, demand, and block transfer modes 

Bus release and bus hold modes 

Autoinitialization 

Address increment/decrement 

Fixed/rotating channel priorities 

TC output at transfer end 

Forced termination of service by END input 

DMAU Basic Operation 

The DMAU operates in either a slave or master mode. 
In the slave mode, the DMAU samples the four DMARQ 
input pins every clock. If one or more inputs are active, 
the corresponding DMA request bits are set and the 
DMAU sends a bus request to the BAU while continuing 
to sample the DMA request inputs. After the BAU 
returns the DMA bus acknowledge signal, the DMAU 
stops DMA request sampling, selects the DMA channel 
with the highest priority, and enters the bus master 
mode to perform the DMA transfer. While in the bus 
master mode, the DMAU controls the external bus and 
performs DMA transfers based on the preprogrammed 
channel information. 



Terminal Count 

The DMAU ends DMA service when the t erm inal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 

DMA Transfer Type 

The type of transfer the DMAU performs depends on 
the following conditions. 

• Direction of the transfer (each channel) 

• Transfer mode (each channel) 

• Bus mode 

Transfer Direction 

All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an I/O port. A DMA write operation reads an 
I/O port and writes the data into memory. During 
memory-to-l/O transfer, the DMA mode (DMD) register 
is used to select the transfer directions for each 
channel and activate the appropriate control signals. 



Operation 


Transfer Direction 
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DMA read 


Memory-* I/O 


IOWR, MRD 


DMA write 


I/O — Memory 
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DMA verify 




Addresses only; no transfer 
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Figure 32. DMAU Block Diagram 
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Bus Mode 

The DMA device control (DDC) register selects oper- 
ation in either the bus release or bus hold mode. The 
selected bus mode determines the DMAU conditions 
for return of the bus to the BAU. Figure 33 shows that in 
bus release mode, only a single channel is serviced 
after the DMAU obtains the bus. When DMA service 
ends (termination conditions depend on the transfer 
mode), the DMAU returns the bus to the BAU regardless 
of the state of other DMA requests, and the DMAU 
reenters the slave mode. When the DMAU regains use 
of the bus, a new DMA operation can begin. 

In bus hold mode, several channels can receive con- 
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
immediately after the previous service without return- 
ing the bus to the BAU. 



Figure 33. Bus Modes 
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Transfer Modes 

The DMD register also selects either single, demand, 
or block transfer mode for each channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. The following table shows the various 
transfer modes and termination conditions. 



Transfer Mode 



Termination Conditions 



Single 



After each byte/word transfer 



Demand 



END input 
Terminal count 
Inactive DMARQ 

DMARQ of a higher priority channel 
becomes active (bus hold mode) 



Block 



END input 
Terminal count 
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The operation of single, demand, and block mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper- 
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 

Single-Mode Transfer. In bus release mode, when a 
channel completes transfer of a single byte, the DMAU 
enters the slave mode regardless of the state of DMA 
request inputs. Inthis manner, other lower-priority bus 
masters will be able to access the bus. 

In bus hold mode, when a channel completes transfer 
of a single byte, the DMAU terminates the channel's 
service even if the DMARQ request signal is asserted. 
The DMAU will then service any other requesting 
channel. If there are no requests from any other DMA 
channels, the DMAU releases the bus and enters the 
slave state. 

Demand-Mode Transfer. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 

I n bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv- 
ice. If there is no higher request than the current one, 
the DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 

Block-Mode Transfer. In bus release mode, the current 
channel continues DM A tra nsfers until a terminal 
count or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
requests. After completion of the block transfer, the 
DMAU releases the bus and enters the slave state, even 
if DMA requests from other channels are active. 

In bus hold mode, the current chan nel transfers data 
until an internal or external END signal becomes 
active. When the service is complete, the DMAU 
checks all DMA requests without releasing the bus. If 
there is an active request, the DMAU immediately 
begins servicing the request. The DMAU releases the 
bus after it honors all DMA requests or a higher-priority 
bus master requests the bus. 



Byte Transfer 

The DMD register can specify only byte DMA transfers 
for each channel. Depending on the mode selected, the 
address register can either increment or decrement, 
whereas the count register is always decremented. 

Autoinitialize 

When the DMD register selects autoinitialize for a 
channel, the DMAU automatica lly re initializes the ad- 
dress and count registers when END is asserted or the 
terminal count condition is reached. The contents of 
the base address and base count registers are transfer- 
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. 

Channel Priority 

Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DDC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel is assigned the highest 
priority and channel 3, the lowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher- 
priority channels and the lockout of lower-priority 
DMA channels. 
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Figure 34. Transfer Modes 
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Cascade Connection 

Slave //PD71071 DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 16 
DMA channels. Figure 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
/^PD71071s. During DMA cascade mode operation, it 
is the responsibility of external logic to isolate the 
cascade bus master from the //PD70208 control 
outputs. These outputs are listed in a table at the front 
of this data sheet. 



The DMAU always operates in the bus hold mode while 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave /^PD71071 channel is in 
service. When the cascaded //PD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
noncascaded channels. 



Figure 35. 
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Figure 36. fjPD71071 Cascade Example 
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Bus Waiting Operation 

The DMAU will automatically perform a bus waiting 
operation (figure 37) whenevertheRCU refresh request 
queue fills. When the DMA bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
the BAU. 

Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 

Programming the DMAU 

To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 

• Starting address for the transfer 

• Transfer count 

• DMA operating mode 

• Transfer size (byte/word) 

The contents of the OPHA and DULA registers deter- 
mine the base I/O port address of the DMAU. Addresses 
A3-A0 are used to select a particular register as follow: 
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Word I/O instructions can be used to read/write the 
register pairs listed below. All other registers are 
accessed via byte I/O instructions. 

DBC/DCC 

DBA/DCA (higher/lower only) 

DDC 



DMAU Registers 

Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 

Channel Register. Writes to the DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur- 
rently-selected channel and the register access mode. 

Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferr ed to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 
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Address Register. Use either byte or word I/O in- 
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte I/O instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 of the 
DCH register is set, a write to the DMA address register 
affects only the DBA register. 
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The DBA register holds the starting address value until 
a new address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is incremented/decremented by one. 

Device Control Register. The DMA device control 
(DDC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 



Status Register. The DMA status (DST) register (figure 
41) contains information about the current state of 
each DMA channel. Software can determine if a termin- 
ation condition has been reached (TC3-TC0) or if a 
DMA service request is present (RQ 3 -RQ ). The byte 
IN instruction must be used to read this register. 



Figure 37. Bus Waiting Operation 
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Figure 38. DMA Initialize Command Register 
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Figure 39. DMA Channel Register 
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Figure 40. DMA Device Control Register 
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Mode Control Register. The DMA mode (DMD) register 
(figure 42) selects the operating mode for each DMA 
channel. The DCH register selects which DMD register 
will be accessed. A byte IN/OUT instruction must be 
used to access this register. 



Mask Register Read/Write. The DMA mask (DMK) 
register (figure 43) allows software to individually 
enable and disable DMA channels. The DMK register 
can only be accessed via byte I/O instructions. 



Figure 41. DMA Status Register 
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Figure 42. DMA Mode Register 
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Reset 



The falling edge of the RESET signal resets the 
//PD70208. The signal must be held low for at least four 
clock cycles to be recognized as valid. 



Output Pin Status 

The following table lists output pin status during reset. 



CPU Reset State 
Register 


Reset Value 


PFP 

PC 

PS 


0000H 
0000H 
FFFFH 


SS 

DSO 

DS1 


0000H 
0000H 
0000H 


PSW 

AW, BW, CW, DW, 

IX, IY, BP, SP 


F002H 
Undefined 


Instruction queue 


Cleared 



Signal 


Status 


INTAK, BUFEN, BUFR/W, 
MRD, MWR, END/TC, I0WR, I0RD, 
REFRQ, BS 2 -BS , BUSLOCK, 
RESOUT, DMAAK3-DMAAK0 


High level 


QS r QS , ASTB, HLDAK 


Low level 


A 19 -A 16 /PS 3 -PSo, T0UT2 


High or low level 


A15-A8 


High or low level 


AD7-AD0 


High impedance 


CLKOUT 


Continues to supply clock 



When RESET returns to the high level, the CPU will 
start fetching instructions from physical address 
FFFFOH. 

Internal Peripheral Registers 

Internal peripheral devices initialized on reset are 
listed in the following table. I/O devices not listed are 
not initialized on reset and must be initialized by 
software. 





Register 


Reset Value 


System 
I/O area 


OPCN 

OPSEL 

WCY1 


0000 

0000 

11111111 




WCY2 
WMB 
TCKS 
RFC 


— 1111 
-111-111 

---00000 
X--01000 


SCU 


SMD 
SCM 
SIMK 


01001011 
--0000-0 

-11 




SST 
DCH 
DMD 


10000100 
— 00001 
000000-0 


DMAU 


DDC (low) 
DDC (high) 
DST 


--00-0-- 

00 

xxxxOOOO 




DMK 


----1111 



Symbols: x = unaffected; O = cleared; 1 = set; (-) = unused. 
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Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the four-byte instruction 
queue. Otherwise, add four clocks for each byte not 
present. 

For instructions that reference memory operands, the 
number on the left side of the slash (/) is for byte 
operands and the number on the right side is for word 
operands. 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbols 



Symbol 


Meaning 


ace 


Accumulator (AW or AL) 


disp 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


larJabel 


Label within a different program 
segment 


far_proc 


Procedure within a different program 
segment 


fP-op 


Floating point instruction operation 


imm 


8- or 16-bit immediate operand 


imm3/4 


3- or 4-bit immediate bit offset 


imm8 


8-bit immediate operand 


imm16 


16-bit immediate operand 


mem 


Memory field (000 to 111); 
8- or 16-bit memory location 



Symbol 


Meaning 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptr16 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg 16 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptr16 


Register containing a destination address 
within the current segment 


seg 


Immediate segment data (16 bits) 


short-label 


Label between -128 and +127 bytes from 
the end of the current instruction 


sr 


Segment register 


sre 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (high byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 
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Symbols (cont) 



Flag Operations 



Symbol 


Meaning 


DSO 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


MD 


Mode flag 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
S = 1 Sign extend immediate byte 
operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


SS 


Stack segment register (16 bits) 


V 


Overflow flag 


W 


Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


Z 


Zero flag 



Symbol Meaning 


(blank) No change 


Cleared to 


1 Set to 1 


x Set or cleared accord 


ing to result 


u Undefined 


R Restored to previous state 


Memory Addressing Modes 


mem mod = 00 mod = 01 


mod = 10 


000 BW + IX BW + IX + disp8 


BW + IX + disp16 


001 BW + IY BW + IY + disp8 


BW + IY + disp16 


010 BP + IX BP + IX + disp8 


BP + IX + disp16 


011 BP + IY BP + IY + disp8 


BP + IY + disp16 


100 IX IX + disp8 


IX + disp16 


101 IY IY + disp8 


IY + disp16 


110 Direct BP + disp8 


BP + disp16 


111 BW BW + disp8 


BW + disp16 


Register Selection (mod =11) 


reg W = 


W = 1 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


011 BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


IY 


Segment Register Selection 


sr Segment Register 


00 DS1 


01 PS 


10 SS 


11 DSO 
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NEC 



Instruction Set 


Mnemonic Operand 


7 6 5 4 3 2 1 


Opcode 
10 7 6 5 4 3 2 1 


1 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Transfer Instructions 



MOV 



reg, reg 




1 








1 





1 


w 


1 1 




reg 


reg 


2 


2 


mem, reg 




1 








1 








w 


mod 




reg 


mem 


7/11 


2-4 


reg, mem 




1 








1 





1 


w 


mod 




reg 


mem 


10/14 


2-4 


mem, imm 




1 1 











1 


1 


w 


mod 




reg 


mem 


9/13 


3-6 


reg, imm 




1 


1 


1 


w 




reg 












4 


2-3 


ace, dmem 




1 o 


1 














w 










10/14 


3 


dmem, ace 




1 


1 











1 


w 










9/13 


3 


sr, reg16 




1 








1 


1 


1 





1 1 





sr 


reg 


2 


2 


sr, mem16 




1 








1 


1 


1 





mod 





sr 


mem 


14 


2-4 


reg16, sr 




1 








1 


1 








1 1 





sr 


reg 


2 


2 


mem16, sr 




1 








1 


1 








mod 





sr 


mem 


12 


2-4 


DSO, reg16, 


mem32 


1 1 











1 





1 


mod 




reg 


mem 


25 


2-4 


DS1, reg16, 


mem32 


1 1 











1 








mod 




reg 


mem 


25 


2-4 


AH, PSW 




1 





1 


1 


1 


1 


1 










2 


1 





PSW, AH 


1 








1 


1 


1 1 








3 1 x x x x x 


LDEA 


reg16, mem16 


1 











1 


1 1 


mod 


reg 


mem 


4 2-4 


TRANS 


src_table 


1 


1 





1 





1 1 1 








9 1 


XCH 


reg, reg 


1 














1 1 w 


1 1 


reg 


reg 


3 2 




mem, reg 


1 














1 1 w 


mod 


reg 


mem 


13/21 2-4 




AW, reg 16 


1 








1 





reg 








3 1 


Repeat Prefixes 


REPC 







1 


1 








1 1 








2 1 


REPNC 







1 


1 








1 








2 1 


REP 

REPE 

REPZ 




1 


1 


1 


1 





1 1 








2 1 


REPNE 
REPNZ 




1 


1 


1 


1 





1 








2 1 


Block Transfer Instructions 


MOVBK 


dst, sre 


1 





1 








1 w 








1 
9 (9) + 8n (W = 0) 
9 (17) + 16n (W = 1) 


CMPBK 


dst, sre 


1 





1 








1 1 w 








1 X X X x x x 
7 (13) + 14n (W = 0) 
7 (21) + 22n (W = 1) 


CMPM 


dst 


1 





1 





1 


1 1 w 








1 X X X X X X 

7 (7) + 10n (W = 0) • 
7(11) + 14n(W = 1) 


LDM 


sre 


1 





1 





1 


1 w 








1 
7 (7) + 9n (W = 0) 
7 (11) + 13n (W = 1) 


STM 


dst 


1 





1 





1 


1 w 








1 
5 (5) + 4n (W = 0) 
5 (9) + 8n (W = 1) 


n = number of transfers 
String instruction execution clocks for a single instruction execution are in parentheses. 
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Instruction Set (cont) 


Mnemonic 


Operand 


7 


6 5 


4 


3 


2 


1 


Opcode 
7 


6 5 4 3 2 10 


Flags 
Clocks Bytes AC CY V P S Z 


I/O Instructions 


IN 


ace, imm8 


1 


1 1 








1 





W 




9/13 2 




ace, DW 


1 


1 1 





1 


1 





w 




8/12 1 


OUT 


imm8, ace 


1 


1 1 








1 


1 


w 




8/12 2 




DW, ace 


1 


1 1 





1 


1 


1 


w 




8/12 1 


INM 


dst, DW 





1 1 





1 


1 





w 




1 
9(10) + 8n(W = 0) 
9(18) + 16n(W = 1) 


OUTM 


DW, sre 





1 1 





1 


1 


1 


w 




1 
9(10) + 8n(W = 0) 
9 (18) + 16n (W = 1) 






String instruction 


n = number of transfers 
execution clocks for a single instruction execution are in parentheses. 


BCD Instructions 



ADJBA 










1 


1 





1 1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 










1 








1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 


1 


1 1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 





1 


1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, sre 














1 


1 1 1 























7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, sre 














1 


1 1 1 

















1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, sre 














1 


1 1 1 














1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


R0L4 


reg8 




1 




•1 










1 




1 1 1 

reg 











1 











13 


3 
















mem8 



mod 










1 




1 1 1 
mem 











1 











25 


3-5 














R0R4 


reg8 




1 




1 










1 




1 1 1 
reg 











1 





1 





17 


3 
















mem8 














1 


1 1 1 











1 





1 





29 


3-5 















mod mem 



n = number of BCD digits divided by 2 


Data Type Conversion Instructions 


CVTBD 1 


1 


0100 00001010 15 


2 


u u u X X X 


CVTDB 1 


1 


0101 00001010 7 


2 


u U U X X X 


CVTBW 1 


o o ■ 


10 2 


1 




CVTWL 1 





10 1 4/5 


1 




Arithmetic Instructions 



ADD 



reg, reg 








1 W 


1 1 




reg 




reg 


2 


2 


X 


XXX 


X X 


mem, reg 








w 


mod 




reg 




mem 


13/21 


2-4 


X 


XX X 


X X 


reg, mem 








1 w 


mod 




reg 




mem 


10/14 


2-4 


X 


X X X 


X X 


reg, imm 


1 





s w 


1 1 











reg 


4 


3-4 


X 


XXX 


X X 


mem, imm 


1 





s w 


mod 











mem 


15/23 


3-6 


X 


XXX 


X X 



1 w 



2-3 



X X X X X X 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 3 2 1 



Opcode 

7 6 5 4 3 2 1 



Clocks Bytes AC CY V P S Z 



Arithmetic Instructions (cont) 



ADDC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 1 1 



reg 



reg 



1 W mod 



reg 



13/21 2-4 



1 1 W mod 



reg 



10/14 2-4 



100000SW 11010 



reg 



3-4 



100000SW mod 010 



15/23 3-6 



1 1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUB 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 1 W 1 1 



reg 



reg 



1 1 W mod 



reg 



13/21 2-4 



1 1 1 W mod 



reg 



10/14 2-4 



100000SW1 1101 



reg 



3-4 



100000SW mod 101 



15/23 3-6 



1 1 1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



1 1 1 W 11 



reg 



reg 



1 1 W mod reg 



13/21 2-4 



1 1 1 W mod reg 



10/14 2-4 



X X X X X X 



X X X X X X 



X X X X X X 





reg, imm 



















s 


W 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 



















s 


W 


mod 





1 


1 


mem 


15/23 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 











1 


1 


1 





W 












4 


2-3 


X 


X 


X 


X 


X 


X 


INC 


reg8 




1 




1 


1 


1 


1 





1 1 











reg 


2 


2 


X 




X 


X 


X 


X 




mem 




1 




1 


1 


1 


1 


W 


mod 











mem 


13/21 


2-4 


X 




X 


X 


X 


X 




reg 16 




1 












reg 














2 


1 


X 




X 


X 


X 


X 


DEC 


reg8 




1 




1 


1 


1 


1 





1 1 








1 


reg 


2 


2 


X 




X 


X 


X 


X 




mem 




1 




1 


1 


1 


1 


W 


mod 








1 


mem 


13/21 


2-4 


X 




X 


X 


X 


X 




reg16 





1 








1 




reg 














2 


1 


X 




X 


X 


X 


X 


MULU 


reg 




1 




1 





1 


1 


W 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u 


u 




mem 




1 




1 





1 


1 


W 


mod 


1 








mem 


26-39 


2-4 


u 


X 


X 


u 


u 


u 


MUL 


reg 




1 




1 





1 


1 


W 


1 1 


1 





1 


reg 


33-47 


2 


u 


X 


X 


u 


u 


u 




mem 




1 




1 





1 


1 


w 


mod 


1 





1 


mem 


38-56 


2-4 


u 


X 


X 


u 


u 


u 




reg16,reg16,imm8 





1 







1 





1 


1 


1 1 




reg 




reg 


28-34 


3 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm8 





1 







1 





1 


1 


mod 




reg 




mem 


37-43 


3-5 


u 


X 


X 


u 


LI 


u 




reg16,reg16,imm16 





1 







1 








1 


1 1 




reg 




reg 


36-42 


4 


u 


X 


X 


u 


u 


u 




reg16,mem16,imm16 





1 







1 








1 


mod 




reg 




mem 


45-51 


4-6 


u 


X 


X 


u 


u 


u 


DIVU 


reg 


1 


1 




1 





1 


1 


w 


1 1 


1 


1 





reg 


19-25 


2 


u 


u 


u 


u 


u 


u 




mem 


1 


1 




1 





1 


1 


w 


mod 


1 


1 





mem 


24-34 


2-4 


u 


u 


u 


u 


u 


u 


DIV 


reg 


1 


1 




1 





1 


1 


w 


1 1 


1 


1 


1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 




mem 


1 


1 




1 





1 


1 


w 


mod 


1 


1 


1 


mem 


34-52 


2-4 


u 


u 


u 


u 


u 


u 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 1 


Opcode 
10 7 6 5 4 3 2 1 


1 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Comparison Instructions 



CMP 



reg, reg 


1 1 1 1 W 


1 1 


reg 


reg 


2 


2 


X X X X X 


X 


mem, reg 


1 1 1 W 


mod 


reg 


mem 


10/14 


2-4 


X X X X X 


X 


reg, mem 


1 1 1 1 W 


mod 


reg 


mem 


10/14 


2-4 


X X X X X 


X 


reg, imm 


1 S W 


1 1 


1 1 1 


reg 


4 


3-4 


X X X X X 


X 


mem, imm 


1 S W 


mod 


1 1 1 


mem 


12/16 


3-6 


X X X X X 


X 



TEST 



ace, imm 


1 


1 1 1 


I w 










4 


2-3 


X X X X X X 


Logical Instructions 


NOT reg 


1 1 1 


1 1 


1 w 


1 1 


1 


I 


reg 


2 


2 




mem 


1 1 1 


1 1 


1 w 


mod 


1 


I 


mem 


13/21 


2-4 




NEG reg 


1 1 1 


1 1 


1 w 


1 1 


1 


I 1 


reg 


2 


2 


X X X X X X 


mem 


1 1 1 


1 1 


1 w 


mod 


1 


I 1 


mem 


13/21 


2-4 


X X X X X X 



reg, reg 



mem, reg 



reg, imm 



mem, imm 



ace, imm 



1 1 W 1 1 



reg 



reg 



1 1 W mod 



reg 



9/13 



2-4 



1111011W1 1000 



reg 



3-4 



1 1 1 1 1 1 W mod 



10/14 3-6 



1 1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



AND 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 1 1 



reg 



reg 



1 W mod 



reg 



13/21 2-4 



1 1 W mod 



reg 



10/14 2-4 



1 W 1 110 reg 



3-4 



1 W mod 10 



15/23 3-6 



1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



OR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 1 1 



reg 



reg 



1 W mod 



reg 



13/21 2-4 



1 1 W mod 



reg 



10/14 2-4 



1000000W1 1001 



reg 



3-4 



1000000W mod 001 



15/23 3-6 



1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



XOR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 1 W 1 1 



reg 



reg 



1 1 W mod 



reg 



13/21 2-4 



1 1 1 W mod 



reg 



10/14 2-4 



1000000W1 1110 



reg 



3-4 



1 W mod 110 



15/23 3-6 



1 1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AG CY V P S Z 


Bit Manipulation Instructions 



INS 


reg8, reg8 




1 1 






reg 


1 


1 

reg 








1 1 











1 


35-133 


3 








reg8, imm8 




1 1 










1 




1 
reg 








1 1 


1 








1 


35-133 


4 






EXT 


reg8, reg8 




1 1 






reg 


1 


1 
reg 








1 1 








1 


1 


34-59 


3 








reg8, imm8 




1 1 










1 




1 
reg 








1 1 


1 





1 


1 


34-59 


4 






TEST1 


reg, CL 




1 1 










1 




1 
reg 








1 











w 


3 


3 


u 


u u x 




mem, CL 



mod 










1 




1 
mem 








1 











w 


7/11 


3-5 


u 


u u x 




reg, imm3/4 




1 1 










1 




1 1 
reg 








1 


1 








w 


4 


4 


u 


u u x 




mem, imm3/4 



mod 










1 




1 
mem 








1 


1 








w 


8/12 


4-6 


u 


u u x 


SET1 


reg, CL 




1 1 










1 




1 
reg 








1 





1 





w 


4 


3 








mem, CL 



mod 










1 




1 
mem 








1 





1 





w 


10/18 


3-5 








reg, imm3/4 




1 1 










1 




1 
reg 








1 


1 


1 





w 


5 


4 








mem, imm3/4 



mod 










1 




1 
mem 








1 


1 


1 





w 


11/19 


4-6 








CY 


1 1 


1 


1 


1 ( 


) 


2 11 




DIR 


1 1 


1 


1 


1 





2 1 


CLR1 


reg, CL 




1 1 










1 




1 
reg 








1 








1 


w 


5 


3 








mem, CL 



mod 










1 




1 
mem 








1 








1 


w 


11/19 


3-5 








reg, imm3/4 




1 1 










1 




1 
reg 








1 


1 





1 


w 


6 


4 








mem, imm3/4 



mod 










1 




1 
mem 








1 


1 





1 


w 


12/20 


4-6 








CY 


1 1 


1 


1 


1 ( 


) ( 


) 














2 


1 









DIR 


1 1 


1 


1 


1 


.< 


) 














2 


1 






N0T1 


reg, CL 




1 1 










1 




1 
reg 








1 





1 


1 


w 


4 


3 








mem, CL 



mod 










1 




1 
mem 








1 





1 


1 


w 


10/18 


3-5 








reg, imm3/4 




1 1 










1 




1 
reg 








1 


1 


1 


1 


w 


5 


4 








mem, imm3/4 



mod 










1 




1 
mem 








1 


1 


1 


1 


w 


11/19 


4-6 








CY 


1 1 


1 


1 






















2 


1 


X 
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Instruction Set (cont) 


Mnemonic Operands 


7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Shift/Rotate Instructions 



SHL 


reg, 1 


1 


1 











w 


1 1 


1 








reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 


1 











w 


mod 


1 








mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 


1 








1 


w 


1 1 


1 








reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 


1 








1 


w 


mod 


1 








mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 














w 


1 1 


1 








reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 














w 


mod 


1 








mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


. reg, 1 


1 


1 











w 


1 1 


1 





1 


reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 


1 











w 


mod 


1 





1 


mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 


1 








1 


w 


1 1 


1 





1 


reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 


1 








1 


w 


mod 


1 





1 


mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 














w 


1 1 


1 





1 


reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 














w 


mod 


1 





1 


mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


S.HRA 


reg, 1 


1 


1 











w 


1 1 


1 




1 


reg 


2 


2 


u 


X 





X 


X 


X 




mem, 1 


1 


1 











w 


mod 


1 




1 


mem 


13/21 


2-4 


u 


X 





X 


X 


X 




reg, CL 


1 


1 








1 


w 


1 1 


1 




1 


reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 


1 








1 


w 


mod 


1 




1 


mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 














w 


1 1 


1 




1 


reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 














w 


mod 


1 




1 


mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


ROL 


reg, 1 


1 


1 











w 


1 1 











reg 


2 


2 




X 


X 










mem, 1 


1 


1 











w 


mod 











mem 


13/21 


2-4 




X 


X 










reg, CL 


1 


1 








1 


w 


1 1 











reg 


7 + n 


2 




X 


u 










mem, CL 


1 


1 








1 


w 


mod 











mem 


16/24 + n 


2-4 




X 


u 










reg, imm 


1 














w 


1 1 











reg 


7 + n 


3 




X 


u 










mem, imm 


1 














w 


mod 











mem 


16/24 + n 


3-5 




X 


u 








ROR 


reg, 1 


1 


1 











w 


1 1 








1 


reg 


2 


2 




X 


u 










mem, 1 


1 


1 











w 


mod 








1 


mem 


13/21 


2-4 




X 


X 










reg, CL 


1 


1 








1 


w 


1 1 








1 


reg 


7 + n 


2 




X 


u 










mem, CL 


1 


1 








1 


w 


mod 








1 


mem 


16/24 + n 


2-4 




X 


u 










reg, imm8 


1 














w 


1 1 








1 


reg 


7 + n 


3 




X 


u 










mem, imm8 


1 














w 


mod 








1 


mem 


16/24 + n 


3-5 




X 


u 








ROLC 


reg, 1 


1 


1 











w 


1 1 





1 





reg 


2 


2. 




X 


X 










mem, 1 


1 


1 











w 


mod 





1 





mem 


13/21 


2-4 




X 


X 










reg, CL 


1 


1 








1 


w 


1 1 





1 





reg 


7 + n 


2 




X 


u 










mem, CL 


1 


1 








1 


w 


mod 





1 





mem 


16/24 + n 


2-4 




X 


u 










reg, imm8 


1 














w 


1 1 





1 





reg 


7 + n 


3 




X 


u 










mem, imm8 


1 














w 


mod 





1 





mem 


16/24 + n 


3-5 




X 


u 









n = number of shifts 
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Instruction Set (cont) 


Mnemonic Operands 


7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Shift Rotate Instructions (cont) 



RORC 



reg, 1 


1 


1 





1 








w 


1 1 


1 


reg 


2 


2 


XX 


mem, 1 


1 


1 





1 








w 


mod 


1 


mem 


13/21 


2-4 


X X 


reg, CL 


1 


1 





1 








1 w 


1 1 


1 


reg 


7 + n 


2 


X u 


mem, CL 


1 


1 





1 








1 w 


mod 


1 


mem 


16/24 + n 


2-4 


X u 


reg, imm8 


1 


1 














w 


1 1 


1 


reg 


7 + n 


3 


X u 


mem, imm8 


1 


1 














w 


mod 


1 


mem 


16/24 + n 


3-5 


X u 



n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 



11111111 mod 110 



23 



reg16 



10 10 



reg 



sr 110 



PSW 



10 1110 



110 



65 



imm 



1 1 1 S 



9-10 



2-4 



2-3 



POP 



mem16 



10 1111 



mod 



25 



reg 16 



10 11 



reg 



sr 111 



PSW 



10 1110 1 



CALL 



2-4 



R R R R R R 



R 





10 1 75 


1 


PREPARE imm16, imm8 


1 


10 * 
*imm8 = 0:16 
imm8>1 : 21 + 16 (imm8 - 1) 


4 


DISPOSE 


1 


10 1 10 


1 


Control Transfer Instructions 



near_proc 


1 1 1 





1 



















20 


3 


regptr 


1 1 1 


1 


1 


1 


1 


1 


1 1 








reg 


18 


1 


memptr16 


111 


1 


1 


1 


1 


1 


mod 








mem 


31 


2-4 


far_proc 


1 


1 


1 





1 













29 


5 


memptr32 


111 


1 


1 


1 


1 


1 


mod 





1 


mem 


47 


2-4 




1 1 











1 


1 










19 


1 


pop_value 


110 











1 













24 


3 




110 





1 





1 


1 










29 


1 



RET 





pop_value 


1 1 





1 





1 











32 


3 


BR 


nearJabel 


1 1 


.1 o 


1 








1 








13 


3 




short-label 


1 1 


1 


1 





1 


1 








1 2 


2 




reg 


1 1 


i 1 


1 


1 


1 


1 


1 1 


1 


reg 


11 


2 




memptr16 


1 1 


1 1 


1 


1 


1 


1 


mod 


1 


mem 


23 


2-4 




farJabel 


1 1 


1 


1 





1 











15 


5 




memptr32 


1 1 


1 1 


1 


1 


1 


1 


mod 


1 1 


mem 


34 


2-4 


BV 


nearJabel 


1 


1 1 




















14/4 


2 


BNV 


nearJabel 


1 


1 1 











1 








14/4 


2 
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Instruction Set (cont) 


Mnemonic 


Operands 


7 


6 


5 


4 


3 


2 


1 


Opcode 
7 6 


5 


4 


3 


2 1 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Control Transfer Instructions (cont) 


BC, BL 


nearJabel 





1 




1 








1 















14/4 


2 




BNC, BNL 


nearJabel 





1 




1 








1 


1 












14/4 


2 




BE, BZ 


nearJabel 





1 




1 





1 


















14/4 


2 




BNE, BNZ 


nearJabel 





1 




1 





1 





1 












14/4 


2 




BNH 


nearJabel 





1 




1 





1 


1 















14/4 


2 




BH 


nearJabel 





1 




1 





1 


1 


1 












14/4 


2 




BN 


nearJabel 





1 




1 


1 





















14/4 


2 




BP 


nearJabel 





1 




1 


1 








1 












14/4 


2 




BPE 


nearJabel 





1 




1 


1 





1 















14/4 


2 




BPO 


nearJabel 





1 




1 


1 





1 


1 












14/4 


2 




BLT 


nearJabel 





1 




1 


1 


1 


















14/4 


2 




BGE 


nearJabel 





1 




1 


1 


1 





1 












14/4 


2 




BLE 


nearJabel 





1 




1 


1 


1 


1 















14/4 


2 




BGT 


nearJabel 





1 




1 


1 


1 


1 


1 












14/4 


2 




DBNZNE 


nearJabel 




1 





























14/5 


2 




DBNZE 


nearJabel 




1 
















1 












14/5 


2 




DBNZ 


nearJabel 




1 













1 















13/5 


2 




BCWZ 


nearJabel 




1 













1 


1 












13/5 


2 




Interrupt Instructions 


BRK 


3 




1 








1 


1 


















50 


1 






imm8 




1 








1 


1 





1 












50 


2 




BRKV 


imm8 




1 








1 


1 


1 















52/3 


1 




RETI 






1 








1 


1 


1 


1 












39 


1 


R R R R R R 


CHKINO 


reg16, mem32 





1 


1 











1 





mod 




reg 




mem 


25/72-75 


2-4 




BRKEM 


imm8 














1 


1 


1 


1 


1 1 


1 


1 


1 


1 1 1 


50 


3 




CPU Control Instructions 


HALT 




1 


1 


1 


1 





1 


















2 


1 




BUSLOCK 




1 


1 


1 


1 
























2 


1 




FP01 


fp-op 


1 


1 





1 


1 


X 


X 


X 


1 1 


Y 


Y 


Y 


111 


2 


2 






fp_op, mem 


1 


1 





1 


1 


X 


X 


X 


mod 


Y 


Y 


Y 


mem 


14 


2-4 




FP02 


fp-op 





1 


1 








1 


1 


X 


1 1 


Y 


Y 


Y 


111 


2 


2 






fp_op, mem 





1 


1 








1 


1 


X 


mod 


Y 


Y 


Y 


mem 


14 


2-4 




POLL 




1 








1 


1 

n 


1 1 
= number of times 


POLL pin is 


sampled. 


2 + 5n 


1 




NOP 




1 








1 
























3 


1 




Dl 




1 


1 


1 


1 


1 





1 















2 


1 




El 




1 


1 


1 


1 


1 





1 


1 












2 


1 




DSO:, DS1:, PS:,andSS: 
(segment override prefixes) 








1 


seg 


1 


1 















2 


1 




8080 Instruction Set Enhancements 


RETEM 




1 


1 


1 


( 


) 


1 


1 





1 1 


1 


1 


1 


1 1 


1 39 


2 


R R R R R R 


CALLN 


imm8 


1 


1 


1 


( 


) 


1 


1 





1 1 


1 


1 





1 1 


1 58 


3 
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NEC Electronics Inc. 



A/PD70216 (V50) 

16-Bit Microprocessor: 

High-Integration, CMOS 



Description 

The //PD70216 (V50™) is a high-performance, low- 
power 16-bit microprocessor integrating a number of 
commonly-used peripherals to dramatically reduce the 
size of microprocessor systems. The CMOS construc- 
tion makes the /iPD70216 ideal for the design of 
portable computers, instrumentation, and process 
control equipment. 

The//PD70216 contains a powerful instruction set that 
is compatible with the //PD70108///PD70116 (V20®/ 
V30®) and //PD8086///PD8088 instruction sets. In- 
struction set support includes a wide range of arith- 
metic, logical, and control operations as well as bit 
manipulation, BCD arithmetic, and high-speed block 
transfer instructions. The//PD70216 can also execute 
the entire //PD8080AF instruction set using the 8080 
emulation mode. Also available is the/iPD70208 (V40™), 
identical to the yuPD70216 but with an 8-bit external 
data bus. 

Features 

□ Low-power CMOS technology 

□ V20/V30 instruction set compatible 

□ Minimum instruction execution time: 250 ns at 
8 MHz; 200 ns at 10 MHz 

□ Direct addressing of 1M bytes of memory 

□ Powerful set of addressing modes 

□ Fourteen 16-bit CPU registers 

□ On-chip peripherals including 

— Clock generator 

— Bus interface 

— Bus arbitration 

— Programmable wait state generator 

— DRAM refresh controller 

— Three 16-bit timer/counters 

— Asynchronous serial I/O controller 

— Eight-input interrupt controller 

— Four-channel DMA controller 

□ Hardware effective address calculation logic 

□ Maskable and nonmaskable interrupt inputs 

□ IEEE 796 compatible bus interface 

□ Low-power standby mode 

V20 and V30 are registered trademarks of NEC Corporation. 
V40 and V50 are trademarks of NEC Corporation. 



Ordering Information 




Part Number Max Frequency (MHz) 


Package 


//PD70216R8 8 


68-pin ceramic PGA 


R10 10 




L8 8 


68-pin PLCC 


L10 10 




GF8 8 


80-pin plastic QFP 


GF10 10 





Pin Configuration 

68-Pin Ceramic PGA 



Bottom View 



/ 




o o 


o o o o o o o 


o o o 


oooooooo 


o o 


o o 


o o 


o o 


o o 


o o 


o o 


/UPD70216R O O 


o o 


o o 


o o 


o o 


o o 


o o 


o o o 


oooooooo 


o o 


o o o o o o o 



Pin Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


A2 INTP7 


B9 


DMARQ1 


F10 


AD7 


K4 


NMI 


A3 INTP5 


B10 


DMARQ0 


F11 


GND 


K5 


RESET 


A4 INTP3 


B11 


AD 


G1 


XI 


K6 


RESOUT 


A5 INTP1 


C1 


TCTL2 


G2 


CLKOUT 


K7 


HLDRQ 


A6 DMAAK3/TXD 


C2 


POLL 


G10 


ADg 


K8 


A19/PS3 


A7 DMAAK2 


C10 


ADi 


G11 


ADg 


K9 


A17/PS1 


A8 DMAAK1 


C11 


AD2 


H1 


BUFEN 


K10 


AD14 


A9 DMAAK0 


D1 


QSi 


H2 


BUFR/W 


K11 


AD15 


A10 END/TC 


D2 


QSo 


H10 


AD10 


L2 


fORD 


B1 TCLK 


D10 


AD 3 


H11 


ADu 


L3 


BSo 


B2 TOUT2 


D11 


AD4 


J1 


BUSLOCK 


L4 


BS2 


B3 INTP6 


E1 


ASTB 


J2 


iOWR 


L5 


READY 


B4 INTP4 


E2 


UBE 


J10 


AD« 


L6 


VDD 


B5 INTP2 


E10 


AD 5 


J11 


AD13 


L7 


HLDAK 


B6 INTAK/TOUTV 
SRDY 


E11 


AD 6 


K1 


MWR 


L8 


REFRQ 


B7 DMARQ3/RxD 


F1 


GND 


K2 


MRD 


L9 


A18/PS2 


B8 DMAR02 


F2 


X2 


K3 


BSi 


L10 


A16/PS0 
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Pin Configurations (cont) 

68-Pin Plastic Leaded Chip Carrier (PLCC) 





II l2 


,* 

-1 IK 
</> u. 
3 3 

m co 


111 O _ m 1-1 -1 t * 

3_l_oiZCQ(/)<AOTOOOU 

fflUxxob<oolo.i-h-i- 








nnnnnnnnnnnnnnnnn 










oo>oor^(om«ncMi-oo)GOi^<oin« 




IORD C 


61 


43 


^ INTP7 




MRDC 


62 


42 


U INTP6 




BSoC 


63 


41 


D INTP5 




BSiC 


64 


40 


3 INTP4 




BS2C 


65 


39 


^ INTP3 




NMI C 


66 


38 


3 INTP2 




READY C 


67 


37 


H INTP1 




RESET C 


68 


36 


D INTAK/TOUT1/SRDY 




VddC 


1 


O /L/PD70216L 35 


3 DMAAK3/TxD 




RESOUT C 


2 


34 


3 DMARQ3/RxD 




HLDAK C 


3 


33 


3 DMAAK2 




HLDRQ C 


4 
5 


32 

31 


3 DMARQ2 
3 DMAAK1 




REFRQ H 


A 19 /PS 3 C 


6 


30 


3 DMARQ1 




A 18 /PS 2 C 


7 


29 


3 DMAAKO 




A17/PS1 C 


8 


28 


3 DMARQO 




A16/PS0 c 


9 


27 

OT-CMCO^WlOh-COOOi-OICO^fin*© 


HEND/TC 








uuuuuuuuuuuuuuuuu 






d o o a o 9 S z S 2 2 S 2 S S S 
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Pin Configurations (cont) 

80-Pin Plastic QFP 



r N B 

co co in 
a. a. a. 

r- eo 0) 
< < < 


O ^ 3 

1 I < 

u. O □ co Q Q 

Ul J J U Q Q 
DC I X DC > > 


W D in 

CO < = N r O B 
UJ UJ 2 CO CO CO £ 

oc 0: z to co cd IS 






nnnnnnnnnnnnnnnn 








oo>ooN><ou)<d'cocMi-oo>oor*>(0in 




A16/PS0 C 


1 64 


HIORD 




NCC 


2 63 


UNC 




ad 15 c: 


3 62 


HMWR 




AD14C 


4 61 


H IOWR 




AD13C 


5 60 


3 BUSLOCK 




AD12C 


6 59 


J BUFR/W 




AD11 c 


7 58 


3 BUFEN 




AD10C 


8 57 


H CLKOUT 




AD9C 


9 56 


HX1 




AD 8 C 


10 55 


3X1 




GND C 


11 54 


HGND 




NC C 
GND C 


12 //PD70216GF 53 

13 52 


UNC 
HGND 




AD7C 


14 51 


HUBE 




AD 6 C 


15 50 


HASTB 




AD5C 


16 49 


HQSo 




AD4 C 


17 48 


HQS1 




AD3C 


18 47 


Dpoll 




AD2 C 


19 46 


H TCTL2 




AD1 C 


20 45 


3 TOUT2 




AD C 


21 44 


Htclk 




NC C 


22 43 


Unc 




NC C 


23 42 


3 INTP7 




END/TC C 


24 41 

IA<Of^COO)Or-CMCO^-mC0r^CO0>O 
CMCMCNtMCMCOOOCOCICOCOCOmmW 


H INTP6 






uuuuuuuuuuuuuuuu 





O 
E 

< 

s 



O T- 

5° 

M 


t- CM 

1 = 




Sg. 

< 

s 
a 


DMAAK3/TxD 

IC 

INTAK/TOUT1/SRDY 

INTP1 
INTP2 
INTP3 
INTP4 
INTP5 
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Pin Identification 



Symbol 


Function 


A19-A 16 /PS 3 -PS 


Multiplexed address/processor status outputs 


AD 15 -AD 


Multiplexed address/data bus 


ASTB 


Address strobe output 


BS 2 -BS 


Bus status outputs 


BUFEN 


Data bus transceiver enable output 


BUFR/W 


Data bus transceiver direction output 


BUSLOCK 


Buslock output 


CLKOUT 


System clock output 


DMAAKO 


DMA channel acknowledge output 


DMAAK1 


DMA channel 1 acknowledge output 


DMAAK2 


DMA channel 2 acknowledge output 


DMAAK3/TxD 


DMA channel 3 acknowledge output/Serial 
transmit data output 


DMARQO 


DMA channel request input 


DMARQ1 


DMA channel 1 request input 


DMARQ2 


DMA channel 2 request input 


DMARQ3/RxD 


DMA channel 3 request input/Serial receive 
data input 


END/TC 


End input/Terminal count output 


GND 


Ground 


HLDAK 


Hold acknowledge output 


HLDRQ 


Hold request input 


IC 


Internal connection; leave unconnected 


INTAK/TOUT1/SRDY 


Interrupt acknowledge output/Timer/counter 1 
output/Serial ready output 


INTP1-INTP7 


Interrupt request inputs 


IORD 


I/O read strobe output 


IOWR 


I/O write strobe output 


MRD 


Memory read strobe output 


MWR 


Memory write strobe output 


NC 


No connection 


NMI 


Nonmaskable interrupt input 


POLL 


Poll input 


QSrQSo 


CPU queue status outputs 


READY 


Ready input 


REFRQ 


Refresh request output 


RESET 


Reset input 


RESOUT 


Synchronized reset output 


TCLK 


Timer/counter external clock input 


TCTL2 


Timer/counter 2 control input 



Symbol 


Function 


T0UT2 


Timer/counter 2 output 


UBE 


Upper byte enable output 


V D D 


+5 V power supply input 


XI, X2 


Crystal /external clock inputs 



Pin Functions 

A19-A16/PS3-PS0 [Address/Status Bus] 

These three-state output pins contain the upper 4 bits 
of the 20-bit address during T1 and processor status 
information during the T2, T3, TW, and T4 states of a 
bus cycle. During T1 of a memory read or write cycle, 
these pins contain the upper 4 bits of the 20-bit 
address. These pins are forced low during T1 of an I/O 
bus cycle. 

Processor status is output during T2, T3, TW, and T4 of 
both memory and I/O bus cycles. PS3 is zero during 
any CPU native mode bus cycle. During any DMA, 
refresh, or 8080 emulation mode bus cycle, PS3 outputs 
a high level. PS2 outputs the contents of the interrupt 
enable (IE) flag in the CPU PSW register. PS! and PS 
indicate the segment register used to form the physical 
address of a CPU bus cycle as follows: 



PS, 


PS 


Segment 








1 


Data segment 1 (DS1) 
Stack segment (SS) 


1 
1 




1 


Program segment (PS) 
Data segment (DSO) 



These pins are in the high-impedance state during hold 
acknowledge. 

AD15-AD0 [Address/Data Bus] 

These three-state pins form the middle byte of the 
active-high, time-multiplexed address/data bus. During 
T1 of a bus cycle, AD 15 -AD output the lower 16 bits of 
the 20-bit memory or I/O address. During the T2, T3, 
TW, and T4 states, AD 15 -AD form the 16-bit bi- 
directional data bus. 

The memory and I/O address spaces are organized 
into a pair of byte-wide banks. The even bank is 
accessed whenever ADo = during T1 of a bus c ycle. 
Access to the odd bank is controlled by the UBE pin. 

The AD15-AD0 pins enter the high-impedance state 
during hold acknowledge or i nterna l interrupt acknow- 
ledge bus cycles or while RESET is asserted. Pins 
AD-in-ADs contain the slave address of an external 
interrupt controller during the second interrupt ac- 
knowledge bus cycle. 
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ASTB [Address Strobe] 

This active-high output is used to latch the address 
from the multiplexed address bus in an external address 
latch during T1 of a bus cycle. ASTB is held at a low 
level during hold acknowledge. 

BS2-BS0 [Bus Status] 

Outputs BS2-BS0 indicate the type of bus cycle being 
performed as shown below. BS2-BS0 become active 
during the state preceding T1 and return to the passive 
state during the bus state preceding T4. 



BUSLOCK 



BS 2 


BS, 


BS 


Bus Cycle 












1 


Interrupt acknowledge 
I/O read 






1 
1 




1 


I/O write 
Halt 


1 
1 








1 


Instruction fetch 
Memory read (1) 


1 
1 


1 
1 




1 


Memory write (2) 
Passive state 



Note: 

(1) Memory read bus cycles include CPU, DMA read, DMA verify, 
and refresh bus cycles. 

(2) Memory write bus cycles include CPU and DMA write bus cycles. 

BS2-BS0 are three-state outputs and are high imped- 
ance during hold acknowledge. 



BUFEN [Buffer Enable] 



BUFEN is an active-low output for enabling a n extern al 
data bus transceiver during a bus cycle. BUFEN is 
asserted during T2 through T3 of a read cycle, T2 
through T3 of a slave interrupt a cknowl edge cycle, and 
T1 through T4 of a write cycle. BUFEN is not asserted 
when the bus cycle corresponds to an internal pe- 
ripheral, DM A, refre sh, or internal interrupt acknow- 
ledge cycle. BUFEN enters the high-impedance state 
during hold acknowledge. 

BUFR/W [Buffer Read/Write] 

BUFR/W is a three-state, active-low output used to 
control the direction of an external data bus trans- 
ceiver during CPU bus cycles. A high level indicates the 
>uPD70216 will perform a write cycle and a low level 
indicates a read cycle. BUFR/W enters the high- 
impedance state during hold acknowledge. 



This active-low output provides a means for the CPU to 
indicate to an external bus arbiter that the bus cycles of 
the next instruction are to be kept contiguous. 
BUSLOCK is asserted for the durati on of the ins truction 
following the BUSLOCK prefix. BUSLOCK is also 
asserted during interrupt acknowledge cycles and 
enters the high-impedance state during hold acknow- 
ledge. While BUSLOCK is asserted, DMAU, RCU, and 
external bus requests are ignored. 

CLKOUT 

CLKOUT is a buffered clock output used as a reference 
for all timing. CLKOUT has a 50-percent duty cycle at 
half the frequency of the input clock source. 



DMAAK0-DMAAK2 [DMA Acknowledge] 

This set of outputs contains the DMA acknowledge 
signals for channels 0-2 from the internal DMA control- 
ler and indicate that the peripheral can perform the 
requested transfer. 



DMAAK3/TxD [DMA Acknowledge 3]/[Serial 
Transmit Data] 

Two output signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 



• DMAAK3 is an active-low output and enables an 
external DMA peripheral to perform the requested 
DMA transfer for channel 3. 

• TxD is the serial data output from the serial control 
unit. 

DMARQ0-DMARQ2 [DMA Request] 

These synchronized inputs are used by external pe- 
ripherals to request DMA service for channels 0-2 from 
the internal DMA controller. 

DMARQ3/RxD [DMA Request 3]/[Serial Receive 
Data] 

Two input signals multiplexed on this pin are selected 
by the PF field of the on-chip peripheral connection 
register. 

• DMARQ3 is used by an external peripheral to request 
a DMA transfer cycle for channel 3. 

• RxD is the serial data input to the serial control unit. 
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END/TC [End/Terminal Count] 

This active-low bidirectional pin con trols the termin- 
ation of a DMA service. Assertion of END by external 
hardware during DMA service causes the service to 
terminate. When a DMA channel reaches its terminal 
count, the DMAU asserts TC, indicating the program- 
med operation has completed. 

END/TC is an open-drain I/O pin, and requires an 
external 2.2-kQ pull-up resistor. 

HLDAK [Hold Acknowledge] 

When an external bus requester has become the 
highest priority requester, the internal bus arbiter will 
assert the HLDAK output indicating the address, data, 
and control buses have entered a high-impedance state 
and are available for use by the external bus master. 

Should the internal DMAU or RCU (demand mode) 
request the bus, the bus arbiter will drive HLDAK low. 
When this occurs, the external bus master should 
complete the current bus cycle and negate the HLDRQ 
signal. This allows the bus arbiter to reassign the bus to 
the higher priority requester. 

If a higher priority internal bus master subsequently 
requests the bus, the high-level width of HLDAK is 
guaranteed to be a minimum of one CLKOUT period. 

HLDRQ [Hold Request] 

This active-high signal is asserted by an external bus 
master requesting to use the local address, data, and 
control buses. The HLDRQ input is used by the internal 
bus arbiter, which gives control of the buses to the 
highest priority bus requester in the following order. 



TOUT1 is the output of timer/counter 1. 



Bus Master 



Priority 



RCU 

DMAU 

HLDRQ 

CPU 

RCU 



Highest (demand mode) 



Lowest (normal operation) 



INTAK/TOUT1/SRDY [Interrupt Acknowledge]/ 
[Timer 1 Output]/[Serial Ready] 

Three output signals multiplexed on this pin are 
selected by the PF field of the on-chip peripheral 
connection register. 



INTAK is an interrupt acknowledge signal used to 
casc ade ext ernal slave yuPD71059 Interrupt Control- 
lers. INTAK is asserted during T2, T3, and TW states 
of an interrupt acknowledge cycle. 



• SRDY is an active-low output and indicates that the 
serial control unit is ready to receive the next 
character. 

INTP1-INTP7 [Peripheral Interrupts] 

INTP1-INTP7 accept either rising-edge or high-level 
triggered asynchronous interrupt requests from external 
peripherals. These INTP1-INTP7 inputs are internally 
synchronized and prioritized by the interrupt control 
unit, which requests the CPU to perform an interrupt 
acknowledge bus cycle. External interrupt controllers 
such as the//PD71059 can be cascaded to increase the 
number of vectored interrupts. 

These interrupt inputs cause the CPU to exit both the 
standby and 8080 emulation modes. 

The INTP1-INTP7 inputs contain internal pull-up re- 
sistors and may be left unconnected. 



IORD [I/O Read] 

This three-state pin outputs an active-low I/O read 
strobe during T2, T3, and Tw of an I/O read bus cycle. 
Both C PU I/O read and DMA write bus cycles assert 
IORD. IORD is not asserted when the bus cycle 
corresponds to an internal peripheral or register. It 
enters the high-impedance state during hold acknow- 
ledge. 



IOWR [I/O Write] 

This three-state pin outputs an active-low I/O write 
strobe during T2, T3, and TW of a CPU I/O write or an 
extended DMA read c ycle a nd during T3 and TW of a 
DMA read bus cycle. IOWR is not asserted when the 
bus cycle corresponds to an internal peripheral or 
register. It enters the high-impedance state during 
hold acknowledge. 



MRD [Memory Read Strobe] 

This three-state pin outputs an active-low memory 
read strobe during T2, T3, and TW of a memory read 
bus cycle. CPU memor y rea d, DMA read, and refresh 
bus cycles all assert MRD. MRD enters the high- 
impedance state during hold acknowledge. 



MWR [Memory Write Strobe] 

This three-state pin outputs an active-low memory 
write strobe during T2, T3, and TW of a CPU memory 
write or DMA extended write bus cycle a nd dur ing T3 
and TW of a DMA normal write bus cycle. MWR enters 
the high-impedance state during hold acknowledge. 
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NMI [Nonmaskable Interrupt] 

The NMI pin is a rising-edge-triggered interrupt input 
that cannot be masked by software. NMI is sampled by 
CPU logic each clock cycle and when found valid for 
one or more CLKOUT cycles, the NMI interrupt is 
accepted. The CPU will process the NMI interrupt 
immediately after the current instruction finishes 
execution by fetching the segment and offset of the 
NMI handlerfrom interrupt vector 2. TheNMI interrupt 
causes the CPU to exit both the standby and 8080 
emulation modes. The NMI input takes precedence 
over the maskable interrupt inputs. 



POLL [Poll] 



The active-low POLL input is used to synchronize the 
operation of external devices with the CPU. During 
execu tion of the POLL instruction, the C PU che cks the 
POLL input state every five clocks until POLL is once 
again asserted. 

QS1-QS0 [Queue Status] 

The QS1 and QSo outputs maintain instruction synch- 
ronization between the //PD70216 CPU and external 
devices. These outputs are interpreted as follows. 



QSi 


QS 


Instruction Queue Status 








No operation 





1 


First byte of instruction fetched 


1 





Flush queue contents 


1 1 Subsequent byte of instruction fetched 



Queue status is valid for one clock cycle after the CPU 
has accessed the instruction queue. 

READY [Ready] 

This active-high input synchronizes external memory 
and peripheral devices with the ^uPD70216. Slow 
memory and I/O devices can lengthen a bus cycle by 
negating the READY input and forcing the BIU to insert 
TW states. READY must be negated prior to the rising 
edge of CLKOUT during the T2 or by the last internally- 
generated TW state to guarantee recognition. When 
READY is once again asserted and recognized by the 
BIU, the BIU will proceed to the T4 state. 

The READY input operates in parallel with the internal 
/iPD70216 wait control unit and can be used to insert 
more than three wait states into a bus cycle. 



REFRQ [Refresh Request] 



REFRQ is an active-low output indicating t he curre nt 
bus cycle is a memory refresh operation. REFRQ is 
used to disable memory address decode logic and 
refresh dynamic memories. The 8-bit refresh row 
address is placed on Ag-Ai during a refresh bus cycle. 



RESET [Reset] 



RESET is a Schmitt trigger input used to force the 
//PD70216 to a known state b y resetting the CPU and 
on-chip peripherals. RESET must be asserted for a 
minimu m of four clocks to guarantee recognition. After 
RESET has been released, the CPU will start program 
execution from address FFFFOH in the native mode. 



RESET will release the CPU from the low-power 
standby mode and force it to the native mode. 

RESOUT [Reset Output] 

This active-high outp ut is ava ilable to perform a system- 
wide reset function. RESET is internally synchronized 
with CLKOUT and output on the RESOUT pin. 

TCLK 

TCLK is an external clock source for the timer control 
unit. The three timer/counters can be programmed to 
operate with either the TCLK input or a prescaled 
CLKOUT input. 

TCTL2 

TCTL2 is the control input for timer/counter 2. 

TOUT2 

TOUT2 is the output of timer/counter 2. 



UBE [Upper Byte Enable] 

UBE is an active-low output, asserted when th e upp er 
byte of the 16-bit data bus contains valid data. UBE is 
used along with An by the memory decoding logic to 
select the even/odd banks as follows. 



Operation 


UBE 


Ao 


Bus 
Cycles 


Word, even address 








1 


Word, odd address 




1 


1 (1st bus cycle) 
(2nd bus cycle) 


2 


Byte, even address 


1 





1 


Byte, odd address 





1 


1 



UBE is a three-state output and enters the high- 
impedance state during hold acknowledge. 
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X1,X2 [Clock Inputs] 

These pins accept either a parallel resonant, funda- 
mental mode crystal or an external oscillator input with 
a frequency twice the desired operating frequency. 

In the case of an external clock generator, the X2 pin 
can either be left unconnected or be driven by the 
complement of the X1 pin clock source. 



Pin States 

Table 1 lists the output pin states during the Hold, Halt, 
Reset and DMA Cascade conditions. 

Table 1. Output Pin States 



Symbol 


Output 


Hold 


Halt 


Reset 


DMA 
Cascade 


Ai9-Ai 6 /PS 3 -PS 


3-state Out 


Hi-Z 


H/L 


H/L 


Hi-Z 


AD 15 -AD 


3-state I/O 


Hi-Z 


H/L 


Hi-Z 


Hi-Z 


ASTB 


Out 


L 


L 


L 


L 


BS2-BS0 


3-state Out 


Hi-Z 


H 


H 


H 


BUFEN 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


BUFR/W 


3-state Out 


Hi-Z 


H/L 


H 


Hi-Z 


BUSLOCK 


3-state Out 


Hi-Z 


H/L 


H 


Hi-Z 


CLKOUT 


Out 


H/L 


H/L 


H/L 


H/L 


DMAAK0-DMAAK2 


Out 


H 


H/L 


H 


H/L 


DMAAK3/ 


Out 


H 


H/L 


H 


H/L 


TxD 


H/L 




H/L 


H/L 


END/TC 


I/O 


H 


H/L 


H 


H 


HLDAK 


Out 


H 


H/L 


L 


L 


INTAK 


Out 


H 


H 


H 


H 


T0UT1 


H/L 


H/L 




H/L 


SRDY 


H/L 


H/L 




H/L 


I0RD 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


I0WR 


3-stateOut 


Hi-Z 


H 


H 


Hi-Z 


MRD 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


MWR 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 


QS1-QS0 


Out 


H/L 


L 


L 


H/L 


REFRQ 


Out 


H 


H/L 


H. 


H 


RESOUT 


Out 


L 


L 


H 


L 


T0UT2 


Out 


H/L 


H/L 


H/L 


H/L 


UBE 


3-state Out 


Hi-Z 


H 


H 


Hi-Z 



H: high level; L: 
impedance. 



low level; H/L: high or low level; Hi-Z: high 
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Block Diagram 



INTP1 
INTP2 
INTP3 
INTP4 
INTP5 
INTP6 
INTP7 



T0UT2 
T0UT1 -* 
TCTL2 
TCLK 



DMARQO 
DMAAKO -• 

DMARQ1 
DMAAK1 

DMARQ2 
DMAAK2 

DMARQ3 
DMAAK3 

END/TC 



INTAK 
NMI 



CLKOUT* 



Interrupt 
Control 
Unit 
[ICU] 



Wait 
Control 
Unit 
[WCU] 





Timer/ 
Counter 
Unit 
[TCU] 
















DMA 

Control 

Unit 

[DMAU] 





















Central 
Processing 
Unit 
[CPUl 






Bus 

Interface 
Unit 
[BIU] 



^> 




Refresh 
Control 
Unit 
[RCU] 



A19-A16/PS3-PS0 



AD15-AD0 
BS2-BS0 



QS1 
QSo 

POLL 
ASTB 



-*• BUFEN 
-*- BUFR/W 
-»• BUSLOCK 



■♦ MRD 

-*■ MWR 



Bus 

Arbitration 
Unit 
[BAU] 









Serial 
Control 
Unit 
[SCU] 















HLDAK 
HLDRQ 



* TxD 
SRDY 
RxD 



-♦ REFRQ 



A/PD70216 (V50) 



Absolute Maximum Ratings 

T A = +25 °C 



Power supply voltage, V u d 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.3 V 


CLK input voltage, Vk 


-0.5toV DD + 1.0V 


Output voltage, V 


-0.5 to V DD + 0.3 V 


Operating temperature, Tqpt 


-10 to +70 °C 


Storage temperature, Tstg 


-65 to +150 °C 



Comment: Exposure to Absolute Maximum Ratings for extended 
periods may affect device reliability; exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 

Capacitance 

T A = +25°C, V DD = V 





Limits 


Unit 


Test 


Parameter Symbol 


Min Max 


Conditions 


Input capacitance C| 


15 


PF 


f c = 1 MHz; 


Output capacitance C 


15 


PF 


unmeasured pins 
are returned to V. 



DC Characteristics 

T A = -10 to +70°C, V DD = +5 V ±10% (8 MHz), 
V DD = 5V±5%(10MHz) 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Input voltage, high 


V|H 


2.2 


Vdd + 

0.3 


V . 




Input voltage, low 


V|L 


-0.5 


0.8 


V 




X1.X2 input 
voltage, high 


Vkh 


3.9 


1.0 


V 




X1.X2 input 
voltage, low 


V K L 


-0.5 


0.6 


V 




Output voltage, high 


V H 


0.7 V DD 




V 


lOH = -400 /uA 


Output voltage, low 


Vol 




0.4 


V 


l L= 2.5 mA 


Input leakage 
current, high 


•lih 




10 


i"A 


V| = V DD 



Input leakage 
current, low 



•lipl 



-300 //A 



V| = V, INTP 
input pins 





lUL 


-10 


/*A 


V| = V, other 
input pins 


Output leakage 
current, high 


>L0H 


10 


V* 


v = v DD 


Output leakage 
current, low 


•lol 


-10 


//A 


v = ov 


Supply current 
8 MHz 


•dd 


90 
20 


mA 
mA 


Normal mode 
Standby mode 


10 MHz 


'dd 


120 
25 


mA 
mA 


Normal mode 
Standby mode 



10 
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AC Characteristics 

T A = -10 to +70°C; V DD = 5 V ±10% (8 MHz), V DD 


= 5 V ±5% (10 MHz), C L = 


= 100 pF 










Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


External clock input cycle time 


l CYX 


62 


250 


50 


250 


ns 




External clock pulse width, high 


IXXH 


20 




19 




ns 


V KH = 3.0V 


External clock pulse width, low 


tXXL 


20 




19 




ns 


V K l = 1.5V 


External clock rise time 


*XR 




10 




5 


ns 


1.5 — 3.0 V 


External clock fall time 


tXF 




10 




5 


ns 


3.0— ..1.5 V 


CLKOUT cycle time 


tfJYK 


124 


500 


100 


500 


ns 




CLKOUT pulse width, high 


*KKH 


0-5 t CYK - 7 




05 t C YK - 5 




ns 


V K H=3.0V 


CLKOUT pulse width, low 


l KKL 


0.5 t C YK " 7 




0.5 t CYK - 5 




ns 


V KL = 1.5V 


CLKOUT rise time 


l KR 




7 




5 


ns 


1.5 — 3.0 V 


CLKOUT fall time 


tKF 




7 




5 


ns 


3.0 — 1.5 V 


CLKOUT delay time from external clock 


Idxk 




55 




40 


ns 




Input rise time (except external clock) 


t|R 




20 




15 


ns 


0.8 — 2.2 V 


Input fall time (except external clock) 


t|F 




12 




10 


ns 


2.2 — 0.8 V 


Output rise time (except CLKOUT) 


tOR 




20 




15 


ns 


0.8 — 2.2 V 


Output fall time (except CLKOUT) 


tOF 




12 




10 


ns 


2.2 — 0.8 V 


RESET setup time to CLKOUTi 


ISRESK 


25 




20 




ns 




RESET hold time after CLKOUTi 


l HKRES 


35 




25 




ns 




RESOUT delay time from CLKOUTi 


tDKRES 


5 


60 


5 


50 


ns 




READY inactive setup time to CLKOUTt 


{ SRYLK 


15 




15 




ns 




READY inactive hold time after CLKOUTt 


l HKRYL 


25 




20 




ns 




READY active setup time to CLKOUTt 


l SRYHK 


15 




15 




ns 




READY active hold time after CLKOUTt 


tHKRYH 


25 




20 




ns 




NMI, POLL setup time to CLKOUTt 


l SIK 


15 




15 




ns 




Data setup time to CLKOUTi 


tSDK 


15 




15 




ns 




Data hold time after CLKOUTi 


tHKO 


10 




10 




ns 




Address delay time from CLKOUTi 


*DKA 


10 


55 


10 


50 


ns 


A19-A0 DBE 


Address hold time after CLKOUTi 


tHKA 


10 




10 




ns 




I/O recovery time 


tAI 


2t C YK - 50 




2t CY K-40 




ns 


(Note 1) 


PS delay time from CLKOUTi 


*DKP 


10 


60 


10 


50 


ns 




PS float delay time from CLKOUTt 


tFKP 


10 


60 


10 


50 


ns 




Address setup time to ASTBi 


l SAST 


t KKL -20 




tKKL -30 




ns 




Address float delay time from CLKOUTi 


*FKA 


tHKA 


60 


tHKA 


50 


ns 




ASTBt delay time from CLKOUTi 


*DKSTH 




45 




40 


ns 




ASTBi delay time from CLKOUTt 


Idkstl 




50 




45 


ns 




ASTB pulse width, high 


tSTST 


t KKL - 10 




tKKL - 10 




ns 




Address hold time after ASTBi 


*HSTA 


tKKH-20 




tKKH-20 




ns 




Control delay time from CLKOUT 


1DKCT1 


10 


70 


10 


60 


ns 


(Note 2) 




10KCT2 


10 


60 


10 


55 


ns 


(Note 3) 
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AC Characteristics (cont) 




Symbol 




8 MHz Limits 


10 MHz Limits 


Unit 


Test Conditions 




Parameter 


Min 




Max 


Min 


Max 




RDl delay time from address float 


l DAFRL 














ns 


(Note 4) 




RDl delay time from CLKOUTl 


tDKRL 


10 




75 


10 


65 


ns 






RDt delay time from CLKOUTi 


tDKRH 


10 




70 


10 


60 


ns 






REFRQT delay from MRDT 


tDRQHRH 


*KKL- 


30 




tKKL-30 




ns 


(Note 5) 




Address delay time from RDt 


tDRHA 


trjYK- 


40 




tfJYK - 4 




ns 






RD pulse width, low 


tRR 


2tCYK - 


■50 




2t C YK - 40 




ns 






BUFR/W delay from BUFENT 


*DBECT 


l KKL~ 


20 




Ikkl-20 




ns 


Read cycle 






tDWCT 


tKKL — 


20 




tKKL-20 




ns 


Write cycle 




Data output delay time from CLKOUTi 


l DKD 


10 




60 


10 


55 


ns 






Data float delay time from CLKOUTi 


l FKD 


10 




60 


10 


55 


ns 






WR pulse width, low 


t WW 


2tfJYK - 


-40 




2t C YK - 40 




ns 


(Note 4) 




BSi delay time from CLKOUTt 


*DKBL 


10 




60 


10 


55 


ns 






BSt delay time from CLKOUTi 


tQKBH 


10 




60 


10 


55 


ns 






HLDRQ setup time to CLKOUTt 


l SHQK 


20 






15 




ns 






HLDAK delay time from CLKOUTi 


tDKHA 


10 




70 


10 


60 


ns 






DMAAKi delay time from CLKOUTt 


tDKHDA 


10 




60 


10 


55 


ns 






DMAAKl delay time from CLKOUTi 


tDKLOA 


10 




90 


10 


80 


ns 


Cascade mode 




WR pulse width, low (DMA cycle) 


{ WW1 


2trjYK - 


-40 




2t CY K - 40 




ns 


DMA extended 
write cycle 




WR pulse width, low (DMA cycle) 


*WW2 


*CYK- 


40 




tCYK - 40 




ns 


DMA normal 
write cycle 




RDl, WRi delay from DMAAKl 


tODARW 


*KKH- 


30 




tKKH - 30 




ns 






DMAAKI delay from RDt 


tQRHDAH 


*KKL- 


30 




tKKL-30 




ns 






RDt delay from WRt 


tDWHRH 


5 






5 




ns 






TC output delay time from CLKOUTt 


tDKTCL 






60 




55 


ns 






TC off delay time from CLKOUTt 


tDKTCF 






60 




55 


ns 






TC pulse width, low 


tTCTCL 


tCYK~ 


15 




tfJYK - 15 




ns 






TC pullup delay time from CLKOUTt 


tDKTCH 






tKKH 
+ t CY K - 10 




tKKH 
+ t C YK - 10 


ns 






END setup time to CLKOUTt 


*SEDK 


35 






30 




ns 






END pulse width, low 


tEOEDL 


100 






80 




ns 






DMARQ setup time to CLKOUTt 


tSDQK 


35 






30 




ns 






INTPn pulse width, low 


tlPIPL 


100 






80 




ns 






RxD setup time to SCU internal clock! 


tSRX 


1 






0.5 




//S 






RxD hold time after SCU internal clock! 


^HRX 


1 






0.5 




(JS 






SRDY delay time from CLKOUTi 


tDKSR 






150 




100 


ns 







Notes: 

(1) This is specified to guarantee a read/write recovery time for I/O (4) 

devices. , c , 

(5) 



RD represents IORD and MRD. WR represents IOWR and MWR. 



(2) Delay from CLKOUT to DMA cycle MWR/IOWR outputs. 



This is specified to guarantee that REFRQ t is delayed from 
MRD t at all times. 



(3) Delay from CLKOU T to BUFR/W , BUFEN, INTAK, REFRQ out- 
puts and CPU cycle MWR/IOWR outputs. 
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AC Characteristics (cont) 




Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


TxD delay time from T0UT1 i 


l OTX 




500 




200 


ns 




TCTL2 setup time from CLKOUTi 


tSGK 


50 




40 




ns 




TCTL2 setup time to TCLKt 


l SGTK 


50 




40 




ns 




TCTL2 hold time after CLKOUTi 


*HKG 


100 




80 




ns 




TCTL2 hold time after TCLKt 


tHTKG 


50 




40 




ns 




TCTL2 pulse width, high 


*GGH 


50 




40 




ns 




TCTL2 pulse width, low 


tGGL 


50 




40 




ns 




TOUT output delay time from CLKOUTi 


l DKTO 




200 




150 


ns 




TOUT output delay time from TOUTi 


l DTKTO 




150 




100 


ns 




TOUT output delay time from TCTL21 


tDGTO 




120 




90 


ns 




TCLK rise time 


tTKR 




25 




25 


ns 




TCLK fall time 


*TKF 




25 




25 


ns 




TCLK pulse width, high 


tTKTKH 


50 




45 




ns 




TCLK pulse width, low 


*TKTKL 


50 




45 




ns 




TCLK cycle time 


tCYTK 


124 


DC 


100 


DC 


ns 




RESET pulse width low 


tRESETI 


50 




50 




is 


After power on 




l RESET2 


4tcYK 




4trjYK 






During operation 
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fjPD70216 Clock Input Configurations 



Timing Measurement Points 



Crystal-Controlled Internal Clock 
Hr- 



SpF T 

II i- 



External Clock 1 



->- 



!->► 



External Clock 2 



CLK 



t*- 



Buffers are high-speed 
CMOS inverters. 



Input 2, 
[except Clock] 



Output 



" V V 2 - 2 v 22 V \/" 

,4v n^iii 211A- 



N^ 

A± 



Timing Waveforms 

Clock Timing 



2.2 v x/~ 
2£*jfV 



External 
Clock 

[X1] 



tXR- 



tDXK 



-t XF 



■* tcYX + 



txXH 



-^x^xjo^^^vjhu 



tDXK 



txXL 



-tKKH" 



A / 



-tCYK- 



X 



tKF- 



tKR- 



/ t / 



-tKKL- 
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Timing Waveforms (cont) 

Reset and Ready Timing 



Reset Timing 



CLKOUT 



-T^\-/ 



\ 



- — tSRESK 



"\J-^J 



-tDKRES- 



RESOUT 



/ 



- tHKRES 



/ 



■•— toKRES- 



V 



Ready Timing,No Wait States 



T2 



_^^r^_/~Y^~v^A 



tSRYHK - 



r\ 



- *HKRYH 



Ready Timing, Wait States 



CLKOUT 



^^r^r^^^_r\ 



tSRYLK - 



■ tHKRYH 



\ 



y \ 



-tHKRYL 
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Timing Waveforms (cont) 

Poll, NMI, and Buslock Timing 



POLL, NMI Input Timing 



CLKOUT 



POLL, NMI 



r^r\ 



): 



tsiK 



Al^-/ r ~Y^L_/ r ~"\ 



BUSLOCK Output Timing 



\ 



•tDKA 



/ 



•tDKA 



83-001831 B 



Read/ Write Recovery Time 



MRD 
IORD 


















/ 




-•— tAI 




*-tAI 


/ 


s 


/ 




83-004266B 


MWR 
IOWR 


\ 


i > 


\ 
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Timing Waveforms (cont) 

Read Timing 



CLKOUT ' 




tfJKA- 



A 19 /PS 3 " 
AWPSo 



X Address X 



tDKA" 



X 



AD 15 -AD ' 



BUFEN 



BUFR/W 



MRO 
IORD 



BS2-BS0 



*DKSTH" 




"tSAST 



H 



-tHKA 




Processor Status 



toKP 



tFKP 



;bg 



XI 



tsAST -•■ 



^ Address i 



/ 



-U 



-tSTST" 



tDKSTL " 



\ 



J 



tDCKT2 



tFKA 



-tHSTA 



\ 



-tSDK ■ 



\ Data Input J- 



tHKO" 



tDKCT2 



\ 



"tDAFRL 



tDKRL 



^; 



- *DKBL 



[Notel] 



7 



tDKCT2 



c. 
r 



j 



-tDBECT 
I 
tDKCT2 



[Notel] 



/ 



-tRR- 



-tDKRH 



-'drha- 



7 



-tDKBH 



Note: 

[1] Except internal I/O accesses. 
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Timing Waveforms (cont) 

Write Timing 



/^^^\_^^_y^A_i^v_ 



A 19 /PS 3 
-A 16 /PS 



" X "*-■ ) f 



Processor Status 



c 



UBE 



X 



x: 



AD15-ADQ 



J ^ 



MWR 
IOWR 



BS2-BS0 



tDKA" 



< 



Address 



tSAST- 



/ 



tDKCT2 



X 



X 



J 



tDKD 



tFKD 



Data Output 



:e 



-tHKA 



-*HSTA 



X 



- tDKCT2 



X 



-tDKBL 



tDKCT2 



[Notel] 



/ 



X 



- tDKCT2 



[Notel] 



7 



-tww- 



7 



-tDKBH 



Note: 

[1] Except internal I/O accesses. 
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Timing Waveforms (cont) 

Status Timing 



Jr\ 



A 19 /PS 3 
-A 16 /PS 



AD15-AD0 



BS2-BS0 




T3/TW 



X Address X 



•dka- 



X 



\ 



tDKBL 



*HKA- 



tFKA- 



\ Address I 



^~A 



*DKP 



vy^^jr\ 



Processor Status 



■ tFKP 



:^e 



XL 



*SDK 



■di 



i Data Input > < 



7 



■ tDKBH 



MRD, IORD 
MWR, IOWR 



QS1, QSO 



tDKA" 



tDAFRL ■ 



\ 



■ *DKRL 



tRR 



/ 



" tDRHA " 



" tDKRH 



J i A A X A 
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Timing Waveforms (cont) 

Interrupt Acknowledge Timing 



AD15-AD0 




Notes: 

[1] If the interrupt is accepted following a control transfer, the three Tl states 

can be replaced with an unused instruction fetch bus cycle. 
[2] Slave address when the interrupt is from external //PD70159. Undefined 

when internal ICU interrupt. 
[3] Solid line when interrupt from exterrial//PD70159. Dash line when internal 

ICU interrupt. 
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Timing Waveforms (cont) 

HLDRQ/HLDAK Timing, Normal Operation 



•&■ 







X 



/ 



- tDKHA 



tDKHA 




\ 



Internal Bus Master [Note 1] 



-'fka 



It* 



Internal Bus Master [Note 



*ote 2] >- 
tV 7" 



-tFKA 



< 



tDKA 



Internal 
Bus Master 



"• •" «DKA 



-rV- 



< 



Internal Bus Master 



NOTES: (1) A 19 /PS 3 -A 16 /PSo, AD 15 -AD , BUFEN,BUFR/W,MRD,IORD,MWR,IOWR,UBE 
(2) BS2-BS0 



HLDRQ/HLDAK Timing, Bus Wait 



~\ 



\ 



r^^r^j^^r 



v_ 



External Bus Master [Note 1 ] 



[1] A19/PS3-A16/PS0, AD15-AD0, UBE, BUFEN, BUFR/W, MRD, IORD, MWR, IOWR, BS2-BS0. 



} c 



Internal Bus 
Master 
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Timing Waveforms (cont) 

Refresh Timing 



T3/TW 



CLKOUT 



Ai 9 /PS 3 - 
A 16 /PSo 



AD15-AD9 



AD8-AD0 



ASTB 



BUFEN 



MRD 



REFRQ 



BS2-BS0 



—»\ K— tDKP 
% Undefined X 



\ 



tDKA 



J 



-— tHKA 



jt Undefined > 



-4 Row Address V 



/ 



7 



tDKCT2 • 



\ 



J 



\ 



tDAFRL 
-tDKRL 



\ 



\ 



tDKBL 



tDRQHRH— ► 



/ 



tDKCT2-* 



X 



JL 



C 
-C 



/ 



BS2 = 1,BSi =0, BSo = 1 



7 



tDKBH 
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Timing Waveforms (cont) 

DMAU, DMA Transfer Timing 



tDKBL- 



BS2-BS0 



A 19 /PS 3 - 
Ai 6 /PS 



AD 15 -AD 



MRD, IORD 



MWR, IOWR 



\ 



\^^w^~\_^_/^A 



7 



-tDKBH 



/ 



\ Address j( 



tDKA- 



X 



\ 



-tDKP 
tHKA 



)C 



X "■"- 3 



•dkhda 



-I 



\ 



tDAFRL - 



tDDARW 



tDKCTI - 



-tFKA 



tDKRL 



'DDARW 



-'rr- 



Early write mode. 



i — tDKCTI 
-<WW1 



XL 

<: 



/ 



»DKRH- 



/ 



tDKHDA 



'DRHDAH 



-*WW2- 



/ 



-tDKCTI 



tDWHRH 
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Timing Waveforms (cont) 

DMA Timing 



EN D/TC Timing 



r^j^^jr^j~^_ 



L^f 



N^ 



■ tDKTCF 
-tDKTCH 



DMA Request Timing 



_/~^_^~V^"~^^^^A 



DMARQn 
(n=0-3) 



/ 



Cascade Mode, Normal Operation 



tSDQK — »■ 



'DKLDA- 
H~ 



X 



/ 



Cascade Mode, Refresh Cycle Insertion 



—T^ " W 



tDKLDA— *\ \+- 



X 
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Timing Waveforms (cont) 

SCU Timing 



X 



t 



tSRX *■ 



-tHRX' 



xz 



j\t\j^u\j\tuij\j\j 



16 or 64 T0UT1 pulses- 



16 or 64 T0UT1 pulses- 



1 



- tDTX - 



— tDKSR +■ 



ICU Timing 














INTPn 




"• t|p|PL *■ 




(n = 1-7) 


\ 


( 


83-004020B 
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Timing Waveforms (cont) 

TCU Timing, Internal Clock Source 



CLKOUT 



rvrv/A^vn_/ 



TCTL2 



tSGK 



-tHKG- 



tGGL- 



tGGH- 



tSGK 
*HKG- 



\ / \ / 



TOUTn 

[n = 1,2] 



X 



- tDGTO (TOUT2) 



tDKTO 



X 



TCU Timing, TCLK Source 



tTKR *TKF 



jr^r\ 



tSGTK- 



TCTL2 



tTKTKH 



■ tCYTK »• 



tTKTKL 
■+ *■ 



tHTKG 



-tSGTK 



-tGGH 



tHTKG 



/~^L_f 



W 



*GGL 



tDGTO - 
(TOUT2) 



- tDTKTO 



TOUTn [n = 1, 2] 



)HZX 
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Functional Description 

Refer to the//PD70216 block diagram for an overview 
of the ten major functional blocks listed below. 

• Central processing unit (CPU) 

• Clock generator (CG) 

• Bus interface unit (BIU) 

• Bus arbitration unit (BAU) 

• Refresh control unit (RCU) 

• Wait control unit (WCU) 

• Timer/counter unit (TCU) 

• Serial control unit (SCU) 

• Interrupt control unit (ICU) 

• DMA control unit (DMAU) 



Central Processing Unit 

The/yPD70216 CPU functions similarly to the CPU of 
the /yPD70116 CMOS microprocessor. However, be- 
cause the //PD70216 has internal peripheral devices, 
its bus architecture has been modified to permit 
sharing the bus with internal peripherals. The//PD70216 
CPU is object code compatible with both thejuPD70108/ 
//PD70116 and the/yPD8086//vPD8088 microprocessors. 

Figure 1 is theyuPD70216 CPU block diagram. A listing 
of the/yPD70216 instruction set is in the final sections 
of this datasheet. 



Figure 1. fiPD70216 CPU Block Diagram 



3 



c 



Subdata bus(16) 



Internal address/data bus (20) 




DS 



DSi 



Qo 



Q 2 



Q 4 



Ql 



Ct3 



Qs 



^> To BIU 



o 



o 



TC 


TA 


- Shifter 


TB 




Main data bus(16) 



T-State 
Control 



n 



Cycle 
Decision 



n 



Interrupt 
Control 



Queue 
Control 



Standby 
Control 



NMI 
INT 
(from ICU) 



CLOCK 
(from CG) 



;• 



EXU 



Effective Address 
Generator 



3 



^address 
Register 



z> 



^instruction 
ROM 



29 > Micro data bus 



^sequence 
Control 



-X 



Instruction Decoder 
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Register Configuration 

Program Counter [PC]. The program counter is a 16- 
bit binary counter that contains the program segment 
offset of the next instruction to be executed. The PC is 
incremented each time the microprogram fetches an 
instruction from the instruction queue. The contents of 
the PCare replaced whenevera branch, call, return, or 
break instruction is executed and during interrupt 
processing. At this time, the contents of the PC are the 
same as the prefetch pointer (PFP). 

Prefetch Pointer [PFP]. The prefetch pointer is a 
16-bit binary counter that contains the program seg- 
ment offset of the next instruction to be fetched for the 
instruction queue. Because instruction queue prefetch 
is independent of instruction execution, the contents 
of the PFP and PC are not always identical. The PFP is 
updated each time the bus interface unit (BIU) fetches 
an instruction for the instruction queue. The contents 
of the PFP are replaced whenevera branch, call, return 
or break instruction is executed and during interrupt 
processing. At this time, the contents of the PFP and 
PC are the same. 

Segment Registers [PS, SS, DS , DSi]. The/yPD70216 
memory address space is divided into 64K-byte logical 
segments. A memory address is determined by the sum 
of a 20-bit base address (obtained from a segment 
register) and a 16-bit offset known as the effective 
address (EA). I/O address space is not segmented and 
no segment register is used. The four segment registers 
are program segment (PS), stack segment (SS), data 
segment (DSo), and data segment 1 (DS-|)- The 
following table lists their offsets and overrides. 



Default 
Segment Register Offset 


Override 


PS 


PFP register 


None 


SS 


SP register 


None 


SS 


Effective address (BP-based) 


PS, DS , DS-i 


DS 


Effective address (non BP-based) 


PS, SS, DS-| 


DS 


IX register (1) 


PS, SS, DS-i 


DSi 


IY register (2) 


None 



General-Purpose Registers. The/uPD70216 CPU con- 
tains four 16-bit general-purpose registers (AW, BW, 
CW, DW), each of which can be used as a pair of 8-bit 
registers by dividing into upper and lower bytes (AH, 
AL, BH, BL, CH, CL, DH, DL). General purpose 
registers may also be specified implicitly in an in- 
struction. The implicit assignments are: 

AW Word multiplication/division, word I/O, 
data conversion 

AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Loop control, repeat prefix 

CL Shift/rotate bit counts, BCD operations 

DW Word multiplication/division, indirect 
I/O addressing 

Pointer [SP, BP] and Index Registers [IX, IY]. These 
registers serve as base pointers or index registers 
when accessing memory using one of the base, 
indexed, or base indexed addressing modes. Pointer 
and index registers can also be used as operands for 
word data transfer, arithmetic, and logical instructions. 
These registers are implicitly selected by certain 
instructions as follows. 

SP Stack operations, interrupts 

IX Source block transfer, BCD string 
operations, bit field extraction 

IY Destination block transfer, BCD string 
operations, bit field insertion 

Program Status Word [PSW] 

The program status word consists of six status flags 
and four control flags. 



Note: 

(1) Includes source block transfer, output, BCD string, and bitfield 
extraction. 

(2) Includes destination block transfer, input, BCD string, and bit 
field insertion. 



Status Flags 

• V (Overflow) 

• S (Sign) 

• Z (Zero) 

• AC (Auxiliary Carry) 

• P (Parity) 

• CY (Carry) 



Control Flags 

• MD (Mode) 

• DIR (Direction) 

• IE (Interrupt Enable) 

• BRK (Break) 
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When pushed onto the stack, the word image of the 
PSW is as follows: 



15 














8 


MD 


1 


1 


I I 
1 


V 


I I 
DIR 


IE 


BRK 


7 

















S 


z 





I I 
AC 





i i 
P 


1 


I 
CY 



The status flags are set and cleared automatically 
depending upon the result of the previous instruction 
execution. Instructions are provided to set, clear, and 
complement certain status and control flags. Other 
flags can be manipulated by using the POP PSW 
instruction. 

Between execution of the BRKEM and RETEM in- 
structions, the native mode RETI and POP PSW 
instructions can modify the MD bit. Care must be 
exercised by emulation mode programs to prevent 
inadvertent alteration of this bit. 

CPU Architectural Features 

The major architectural features of the/uPD7021 6 CPU 
are: 

• Dual data buses 

• Effective address generator 

• Loop counter 

• PC and PFP 

Dual Data Buses. To increase performance, dual data 
buses (figure 2) have been employed in the CPU to 
fetch operands in parallel and avoid the bottleneck of a 
single bus. For two-operand instructions and effective 
address calculations, the dual data bus approach is 30 
percent faster than single-bus systems. 

Effective Address Generator. Effective address (EA) 
calculation requires only two clocks regardless of the 
addressing mode complexity due to the hardware 
effective address generator (figure 3). When compared 
with microprogrammed methods, the hardware ap- 
proach saves between 3 and 10 clock cycles during 
effective address calculation. 

Loop Counter and Shifters. A dedicated loop counter is 
used to count the iterations of block transfer and 
multiple shift instructions. This logic offers a significant 
performance advantage over architectures that control 
block transfers and multiple shifts using microprogram- 
ming. Dedicated shift registers also speed up the 
execution of the multiply and divide instructions. 
Compared with microprogrammed methods, multiply 
and divide instructions execute approximately four 
times faster. 



Figure 2. Dual Data Buses 



c 



Registers 



o 



■\ Temporary /^ N. 
y/ Registers/Shifters \j 1/ 



c 



> 



Sub data bus 



Main data bus 



Figure 3. Effective Address Generator 











mod r/m 






" 






EA Generator 






Effective 


Address 


83-002737A 



Program Counter and Prefetch Pointer. The functions 
of instruction execution and queue prefetch are de- 
coupled in the//PD70216. By avoiding a single instruc- 
tion pointer and providing separate PC and PFP 
registers, the execution time of control transfers and 
the interrupt response latency can be minimized. 
Several clocks are saved by avoiding the need to 
readjust an instruction pointertoaccount for prefetch- 
ing before computing the new destination address. 



29 



//PD70216 (V50) 



NEC 



Enhanced Instruction Set 

In addition to the //PD8086/88 instruction set, the 
A/PD70216 has added the following enhanced instruct- 
ions. 



Instruction 



Function 



PUSH imm Push immediate data onto stack 

PUSH R Push all general registers onto stack 

POP R Pop all general registers from stack 



MULimm 



Multiply register/memory by immediate data 



SHLimm8 
SHR imm8 
SHRA imm8 
ROL imm8 
ROR imm8 
ROLC imm8 
RORC imm8 



Shift/rotate by immediate count 



CHKIND 

INM 

OUTM 



Check array index 
Input multiple 
Output multiple 



PREPARE 
DISPOSE 



Prepare new stack frame 
Dispose current stack frame 



Unique Instruction Set 

In addition to the//PD70216 enhanced instruction set, 
the following unique instructions are supported. 



Instruction 



Function 



INS 
EXT 



Insert bit field 
Extract bit field 



ADD4S 

SUB4S 

CMP4S 

R0L4 

R0R4 



BCD string addition 
BCD string subtraction 
BCD string comparison 
Rotate BCD digit left 
Rotate BCD digit right 



TEST1 
SET1 
CLR1 
N0T1 


Test bit 
Set bit 
Clear bit 
Complement bit 


REPC 
REPNC 


Repeat while carry set 
Repeat while carry cleared 


FP02 


Floating point operation 2 



Bit Fields. Bit fields are data structures that range in 
length from 1 to 16 bits. Two separate operations on bit 
fields, insertion and extraction, with no restrictions on 
the position of the bit field in memory are supported. 
Separate segment, byte offset, and bit offset registers 
are used for bit field insertion and extraction. Because 
of their power and flexibility, these instructions are 
highly effective for graphics, high-level languages, and 
data packing/unpacking applications. 



Insert bit field (INS) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the AW register to 
the bit field addressed by DS1 :IY:reg8 (figure 4). The 
bit field length can be located in any byte register or 
supplied as an immediate value. The value in reg8 is a 
bit field offset. A content of selects bit and 15 selects 
bit 15 of the word that DS0:IX points to. Following 
execution, the IY and bit offset register are updated to 
point to the start of the next bit field. 

Bit field extraction (EXT) copies the bit field of specified 
length (0 = 1 bit, 15 = 16 bits) from the bit field 
addressed by DS0:IX:reg8 to the AW register (figure 5). 
If the bit field is less than 16 bits, it is right justified with 
a zero fill. The bit field length can be located in any byte 
register or supplied as immediate data. The value in 
reg8 is a bit field offset. A content of selects bit and 
15 selects bit 15 of the word that DS0:IX points to. 
Following execution, the IX and bit offset register are 
updated to point to the start of the next bit field. 

Packed BCD Strings. These instructions are provided 
to efficiently manipulate packed BCD data as strings 
(length from 1 to254digits) or as a byte data type with a 
single instruction. 

BCD string arithmetic is supported by the ADD4S, 
SUB4S, and CMP4S instructions. These instructions 
allow the source string (addressed by DS0:IX) and the 
destination string (addressed by DS1 :IY) to be manip- 
ulated with a single instruction. When the number of 
BCD digits is even, the Z and CY flags are set according 
to the result of the operation. If the number of digits is 
odd, the Z flag will not be correctly set unless the upper 
4 bits of the result are zero. The CY flag will not be 
correctly set unless there is a carry out of the upper 4 
bits of the result. 

The two BCD rotate instructions (ROR4, ROL4) perform 
rotation of a single BCD digit in the lower half of the AL 
register through the register or memory operand. 

Bit Manipulation. Four bit manipulation instructions 
have been added to the//PD70216 instruction set. The 
ability to test, set, clear, or complement a single bit in a 
register or memory operand increases code readability 
as well as performance over the logical operations 
traditionally used to manipulate bit data. 

Repeat Prefixes. Two repeat prefixes (REPC, REPNC) 
allow conditional block transfer instructions to use the 
state of the CY flag as a terminating condition. The use 
of these prefixes allows inequalities to be used when 
working on ordered data, increasing the performance 
of searching and sorting algorithms. 
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Figure 4. Bit Field Insertion 
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Floating Point Operation Instructions. Two floating 
point operation (FPO) instruction types are recognized 
by the//PD7021 6 CPU. These instructions are detected 
by the CPU, which performs any auxiliary processing 
such as effective address calculation and the initial bus 
cycle if specified by the instruction. It is the responsi- 
bility of the external coprocessor to latch the address 
information and data (if a read cycle) from the bus and 
complete the execution of the instruction. 

8080 Emulation Mode. The//PD7021 6 CPU can operate 
in either of two modes; see figure 6. Native mode allows 
the execution of the//PD8086/88, enhanced and unique 
instructions. The other operating mode is 8080 emu- 
lation mode, which allows the entire //PD8080AF 
instruction set to be executed. A mode (MD) flag is 
provided to distinguish between the two operating 
modes. Native mode is active when MD is 1 and 8080 
emulation mode is active when MD is 0. 

Two instructions are provided to switch from native to 
8080 emulation mode and return back. Break for 
emulation (BRKEM) operates similarly to a BRK 



instruction, except that after the PSW has been pushed 
on the native mode stack, the MD flag becomes 
write-enabled and is cleared. During 8080 emulation 
mode, the registers and flags of the 8080 are mapped 
onto the native mode registers and flags as shown 
below. Note that PS, SS, DS , DS 1f IX, IY, AH and the 
upper half of the PSW registers are inaccessible to 
8080 programs. 

During 8080 emulation mode, the BP registerfunctions 
as the 8080 stack pointer. The use of separate stack 
pointers prevents inadvertent damage to the native 
mode stack pointer by emulation mode programs. 

The 8080 emulation mode PC is combined with the PS 
register to form the 20-bit physical address. All emu- 
lation mode data references use DSO as the segment 
register. For compatibility with older 8080 software 
these registers must be equal. By using different 
segment register contents, separate 64K-byte code 
and data spaces are possible. 
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Registers 



Flags 



//PD8080AF 



A/PSW 



/iPD70216 



AL/PSW (lower) 



B 


CH 


C 


CL 


D 


DH 


E 


DL 


H 


BH 


L 


BL 



SP 


BP 


PC 


PC 


C 


CY 


Z 


Z 


S 


S 


P 


P 


AC 


AC 



Eitheran NMI or maskable interrupt will cause the 8080 
emulation mode to be suspended. The CPU pushes the 
PS, PC, and PSW registers on the native mode stack, 
sets the MD bit (indicating native mode), and enters the 
specified interrupt handler. When the return from 
interrupt (RETI) instruction is executed, the PS, PC, 



and PSW (containing MD=0) are popped from the 
native stack and execution in 8080 emulation mode 
continues. Reset will also force a return to native mode. 

The 8080 emulation mode programs also have the 
capability to invoke native mode interrupt handlers by 
means of the call native (CALLN) instruction. This 
instruction operates like the BRK instruction except 
that the saved PSW indicates 8080 emulation mode. 

To exit 8080 emulation mode, the return from emulation 
(RETEM) instruction pops the PS, PC, and PSW from 
the native mode stack, disables modification of the MD 
bit, and execution continues with the instruction follow- 
ing the BRKEM instruction. Nesting of 8080 emulation 
modes is prohibited. 

Interrupt Operation 

The//PD70216 supports a number of external interrupts 
and software exceptions. External interrupts are events 
asynchronous to program execution. On the other 
hand, exceptions always occur as a result of program 
execution. 



Figure 6. /JPD70216 Modes. 
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The two types of external interrupts are: 

• Nonmaskable interrupt (NMI) 

• Maskable interrupt (INT) 

The six software exceptions are: 

• Divide error (DIV, DIVU instructions) 

• Array bound error (CHKIND instruction) 

• Break on overflow (BRKV instruction) 

• Break (BRK, BRK3 instructions) 

• Single step (BRK bit in PSW set) 

• Mode switch (BRKEM, CALLN instructions) 

Interrupt vectors are determined automatically for 
exceptions and the NMI interrupt or supplied by 
hardware for maskable interrupts. The 256 interrupt 
vectors are stored in a table (figure 7) located at 
address 00000H. Vectors to 5 are predetermined and 
vectors 6 to 31 are reserved. Interrupt vectors 32 to 255 
are available for use by application software. 

Each vector is made up of two words. The word located 
at the lower address contains the new PC for the 
interrupt handler. The word at the next-higher address 
is the new PS value for the interrupt handler. These 
must be initialized by software at the start of a program. 

Nonmaskable interrupts and maskable interrupts (when 
enabled) are normally serviced following the execution 
of the current instruction. However, the following 
cases are exceptions to this rule and the occurrence of 
the interrupt will be delayed until after the execution of 
the next instruction. 

• Moves to/from segment registers 

• POLL instruction 

• Instruction prefixes 

• El instruction (maskable interrupts only) 

Another special case is the block transfer instructions. 
These instructions are interruptable and resumable, 
but because of the asynchronous operation of the Bl U, 
the actual occurrence of the interrupt may be delayed 
up to three bus cycles later. 

Standby Mode 

The //PD70216 CPU has a low-power standby mode, 
which can dramatically reduce power consumption 
during idle periods. Standby mode is entered by simply 
executing a native or 8080 emulation HALT instruction; 
no external hardware is required. All other peripherals 
such as the timer/counter unit, refresh control unit, 
and DMA control unit continue to operate as pro- 
grammed. 



During standby mode, the clock is distributed only to 
the circuits required to release the standby mode. 
When a RESET, NMI, or INT event is detected, the 
standby mode is released. Both NMI and unmasked 
interrupts are processed before control returns to the 
instruction following the HALT. In the case of the INT 
input being masked, execution will begin with the 
instruction immediately following the HALT instruction 
without an intervening interrupt acknowledge bus 
cycle. When maskable interrupts are again enabled, the 
interrupt will be serviced. 

Output signal states in the standby mode are listed 
below. 



Output Signal 


Status in Standby Mode 


INTAK, BUFEN, 
MRD, MWR, I0WR, 
I0RD UBE 


High level 


BS 2 -BS (Note 2) 


Sends halt status (011), 
then remains high (111) 


QS r QSo, ASTB 


Low level 


BUSLOCK 


High level (low level if the 
HALT instruction follows the 
BUSLOCK prefix) 


BUFR/W, 

Ai9-A 16 /PS 3 -PS , 

AD 15 -AD 


High or low level 



Note: 

(1) Output pin states during refresh and DMA bus cycles will be as 
defined for those operations. 

(2) Halt status is presented prior to entering the passive state. 
Figure 7. Interrupt Vector Table 



000H 
004H 
008H 
00CH 
01 OH 
01 4H 
01 8H 

07CH 
080H 



Divide Error 

Break Flag 

NMI Input 

BRK 3 Instruction 

BRKV Instruction 

CHKIND Instruction 



- • BRK imm8 Instruction 
■ BRKEM Instruction 

• INT Input [External] 

• CALLN Instruction 
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Clock Generator 

The clock generator (CG) generates a clock signal half 
the frequency of a parallel-resonant, fundamental 
mode crystal connected to pins X1 and X2. Figure 8 
shows the recommended circuit configuration. Capac- 
itors C1 and C2, required for frequency stability, are 
selected to match the crystal load capacitance. 

External clock sources are also accommodated as 
shown in figure 9. The CG distributes the clock to the 
CLKOUT pin and to each functional block of the 
ywPD70216. The generated clock signal has a 50-percent 
duty cycle. 

Bus Interface Unit 

The bus interface unit (Bill) controls the external 
address, data, and control buses for the three internal 
bus masters: CPU, DMA control unit (DMAU), and 
refresh control unit (RCU). TheBIU is also responsible 
for synchronization of the RESET and READY inputs 
with the clock. The synchronized reset signal is used 
internally by the/uPD70216 and provided externally at 
the RESOUT pin as a system-wide reset. The synch- 
ronized READY signal is combined with the output of 
the waitcontrol unit (WCU) and isdistributed internally 
to the CPU, DMA U, and R CU. Figure 10 shows the 
synchronization of RESET and READY. 

The BIU also has the capability of overlapping the 
execution of the next instruction with memory write 
bus cycles. There is no overlap of instruction execution 
with read or I/O write bus cycles. 



Figure 9. External Oscillator Configuration 
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Figure 10. 
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Figure 8. 


Crystal Configuration 
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Bus Arbitration Unit 

The bus arbitration unit (BAU) arbitrates the external 
address, data, and control buses between the internal 
CPU, DMAU, and RCU bus requesters and an external 
bus master. The BAU bus priorities from the highest 
priority requester to the lowest are: 

RCU (Demand mode) 

DMAU 

HLDRQ 

CPU 

RCU (Normal mode) 

Note that RCU requests the bus at either the highest or 
lowest priority depending on the status of the refresh 
request queue. Bus masters other than the CPU are 
prohibited from using the bus w hen the C PU is 
executing an instruction containing a BUSLOCK prefix. 
Therefore, caution should be exercised when using the 
BUSLOCK prefix with instructions having a long 
execution time. 

If a bus master with higher priority than the current bus 
master requests the bus, the BAU inactivates the 
current bus master's acknowledge signal. When the 
BAU sees the bus request from the current master go 
inactive, the BAU gives control of the bus to the higher 
priority bus master. Whenever possible, the BAU per- 
forms bus switching between internal bus masters 
without the introduction of idle bus cycles, enhancing 
system throughput. 

System I/O Area 

The I/O address space from addresses FFOOH to 
FFFFH is reserved for use as the system I/O area. 
Located in this area are the 12yuPD70216 registers that 

Figure 11. OPCN Register Format 



determine the I/O addressing, enable/disable periph- 
erals, and control pin multiplexing. Byte I/O instruc- 
tions must be used to access the system I/O area. 



I/O Address 


Register 


Operation 


FFFFH 
FFFEH 
FFFDH 


Reserved 

OPCN 

OPSEL 


Read/Write 
Read/Write 


FFFCH 
FFFBH 
FFFAH 


OPHA 
DULA 
IULA 


Read/Write 
Read/Write 
Read/Write 


FFF9H 
FFF8H 
FFF7H 


TULA 
SULA 
Reserved 


Read/Write 
Read/Write 


FFF6H 
FFF5H 
FFF4H 


WCY2 
WCY1 
WMB 


Read/Write 
Read/Write 
Read/Write 


FFF3H 
FFF2H 
FFF1H 


Reserved 

RFC 

Reserved 


Read /Write 


FFFOH 


TCKS 


Read/Write 



On-Chip Peripheral Connection Register 

The on-chip peripheral connection (OPCN) register 
controls multiplexing of the yuPD70216 multiplexed 
pins. Figure 11 shows the format of the OPCN register. 
The interrupt request switch (IRSW) field controls 
multiplexing of ICU interrupt inputs INT1 and INT2. 
The output of an internal peripheral or an external 
interrupt source can be selected as the INT1 and INT2 
inputs to the ICU. 

The pin function (PF) field in the OPCN sel ects one o f 
four possib le state s for the DMAR Q3/RxD, DMAAK3/ 
TxD, and INTAK/TOUT1/SRDY pins. Bit of the 



7 6 5 4 3 2 1 
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l-l-l- 


- | - | IRSW | PF 


OPCN 












Pin Function 


DMARQ3/RxD 


DMAAK3/TxD 


INTAK/TOUT1/SRDY 




00 


DMARQ3 


DMAAK3 


INTAK 


01 


DMARQ3 


DMAAK3 


TOUT1 


10 


RxD 


TxD 


INTAK 


11 


RxD 


TxD 


SRDY 










Interrupt Request Switch 


INT1 


INT2 












00 


INTP1 Pin 


INTP2 Pin 


01 


SCU 


INTP2 Pin 


10 


INTP1 Pin 


TOUT1 


11 


SCU 


TOUT1 
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OPCN controls the fun ction o f the INTAK/SRDY/ Internal Peripheral Relocation Registers 

TOUT1 pin. If cleared, INTAK will appear on this 



output pin. If bit is set, either TOUT1 or SRDY will 
appear at the output depending on the state of bit 1 . If 
bit 1 is cleared, DMA chann el 3 I/O si gnals will appear 
on the DMARQ3/RxD and DMAAK3/TxD pins. If the 
SCU is to be used, bit 1 of the PF field must be set. 

On-Chip Peripheral Selection Register 

The on-chip peripheral selection (OPSEL) register is 
used to enable or disable the//PD7021 6 internal periph- 
erals. Figure 12 shows the format of the OPSEL 
register. Any of the four (DMAU, TCU, ICU, SCU) 
peripherals can be independently enabled or disabled 
by setting or clearing the appropriate OPSEL bit. 

Figure 12. OPSEL Register Format 



ss 



TS 



DS OPSEL 



Peripheral 
Selected 



ICU 
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Operation 



= Disabled 

1 = Enabled 



The five internal peripheral relocation registers (figure 
1 3) are used to fix the I/O addresses of the DMAU, ICU, 
TCU, and SCU. The on-chip peripheral high-address 
(OPHA) register is common to all four internal periph- 
erals and fixes the high-order byte of the 16-bit I/O 
address. The individual DMAU low-address (DULA) 
register, ICU low-address (IULA) register, TCU low- 
address (TULA) register, and the SCU low-address 
(SULA) register select the low-order byte of the I/O 
addresses for the DMAU, ICU, TCU, and SCU periph- 
erals. 

The contents of the OPHA register are: 



7 






OPHA 









A-I5 


Au 


A13 


i 
A12 An 


i 
A10 


A 9 


A 8 



The formats for the individual internal peripheral re- 
gisters appear below. Since address checking is not 
performed, do not overlap two peripheral I/O address 

spaces. 

7 DULA 



I 

A 7 


A 6 


I 
A 5 


I I 
A 4 - - 


I 


7 






IULA 





l 
A 7 
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I 
A 5 


i i 
A 4 A 3 - 
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- A 


7 
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I I 
A 4 A 3 - 


I 
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SULA 





A 7 


A 6 


A 5 


I I 
A 4 A 3 — 
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Figure 13. /jPD70216 Peripheral Relocation 
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Figure 14. Timer Clock Selection Register 
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Timer Clock Selection Register 

The timer clock selection (TCKS) register selects the 
clock source for each of the timer/counters as well as 
the divisor for the internal clock prescaler. Figure 14 
shows the format of the TCKS register. The clock 
source for each timer/counter is independently select- 
ed from eitherthe prescaled internal CPU clock orfrom 
an external clock source (TCLK). The internal clock is 
derived from the CLKOUT signal and can be divided by 
2, 4, 8, or 16 before being presented to the clock select 
logic. 

Refresh Control Unit 

The refresh control unit (RCU) refreshes external 
dynamic RAM devices by outputting an 8-bit row 
address on address lines As-Ai and perf ormin g a 
word-aligned memory read bus cycle. Both UBE and 
Arj are asserted to allow the refresh of both the even 
and odd memory banks. External logic can distinguish 
a refresh bus cycle by monitoring the refresh request 
(REFRQ) pin. Following each refresh bus cycle, the 
refresh row counter is incremented. The refresh control 
(RFC) register in the system I/O area contains two 
fields. The refresh enable field enables or disables the 
refreshing function. The refresh timer (RTM) field 
selects a refresh interval to match the dynamic memory 
refresh requirements. Figure 15 shows the format for 
the RFC register. 

To minimize the impact of refresh on the system bus 
bandwidth, the //PD70216 utilizes a refresh request 
queue to store refresh requests and perform refresh 
bus cycles in otherwise idle bus cycles. 

The RCU normally requests the bus as the lowest- 
priority bus requester (normal mode). However, if 
seven refresh requests are allowed to accumulate in 
the RCU refresh request queue, the RCU will change to 



the highest-priority bus requester (demand mode). 
The RCU will then perform back-to-back refresh cycles 
until three requests remain in the queue. This guar- 
antees the integrity of the DRAM system while maximiz- 
ing performance. 

The refresh count interval can be calculated as follows: 

Refresh interval = 8 x N x tcYK 

where N is the timer factor selected by the RTM 
field. 

When the //PD70216 is reset, the RE field in the RFC 
register is unaffected and the RTM field is se t to 010 00 
(N = 9). No refresh bus cycles occur while RESET is 
asserted. 

Figure 15. Refresh Control Register 
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Wait Control Unit 

The wait control unit (WCU) inserts from zero to three 
wait states into a bus cycle in order to compensate for 
the varying access times of memory and I/O devices. 
The number of wait states for CPU, DMAU, and RCU 
bus cycles is separately programmable. In addition, 
the memory address space is divided into three in- 
dependent partiti ons to a ccommodate a wide range of 
system designs. RESET initializes the WCU to insert 
three wait states in all bus cycles. This allows operation 
with slow memory and peripheral devices before the 
initialization of the WCU registers. 

The three system I/O area registers that control the 
WCU are wait cycle 1 (WCY1), wait cycle 2 (WCY2), 
and wait state memory boundary (WMB). The WCU 
always inserts wait states corresponding to the wait 
count programmed in WCY1 or WCY2 registers into a 
bus cycle, regardless of the state of the external 
READY input. After the programmed number of wait 
states occurs, the WCU will insert Tw states as long as 
the READY pin remains inactive. When READY is again 
asserted, the bus cycle continues with T4 as the next 
cycle. The//PD7021 6 internal peripherals never require 
wait states; four clock cycles will terminate an internal 
peripheral bus cycle. 

Figure 16. Wait State Memory Boundary Register 



CPU Wait States 

TheWMBregisterdividesthe1M-byte memory address 
space into three independent partitions: lower, middle, 
and upper. Figure 16 shows the WMB register format. 

Initialization software can then set the number of wait 
states for each memory partition and the I/O partition 
via the WCY1 register (figure 17). 

DMA and Refresh Wait States 

The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. 

DMA and Refresh Wait States 

The WCY2 register (figure 18) specifies the number of 
wait states to be automatically inserted in DMA and 
refresh bus cycles. DMA wait states must be set to the 
maximum of the DMA memory and I/O partitions. 
Refresh wait states should be set to the maximum value 
of all DRAM memory partitions. 



7 6 5 4 3 2 10 






83-001 820B 


[-_]_ LMB | — | UMB 


WMB 










Lower Memory Block Size [1] 
Upper Memory Block Size 


Memory Block Size (KB) 














000 


32 


001 


64 


010 


96 


011 


128 


100 


192 


101 


256 


110 


384 


111 


512 








FFFFFH 
00000 H 


Upper Memory Block 


I Specified by the UMB Field 
| Specified by the LMB Field 


Middle Memory Block 


Lower Memory Block 


Note: 
[1] By del 
middle 


ault, the address space rema 
; memory block. 


ning between the UBM and LBM 


sthe 



38 



SEC 



AtPD70216(V50) 



Figure 17. Wait Cycle 1 Register 
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Figure 18. Wait Cycle 2 Register 
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Timer/Counter Unit 

The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. The output signal 
oftimer/counterO is hardwired internally as an interrupt 
source. The output of timer/counter 1 is available 
internally as an interrupt source, used as a baud rate 
generator, or used as an external output. The timer/ 
counter 2 output is available as an external output. Due 
to mode restrictions, the TCU is a subset of the 



//PD71054 Programmable Timer/Counter. Figure 19 
shows the internal block diagram of the TCU. 

The TCU has the following features: 

• Three 16-bit timer/counters 

• Six programmable count modes 

• Binary/BCD counting 

• Multiple latch command 

• Choice of two clock sources 



Figure 19. TCU Block Diagram 
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Because RESET leaves the TCU in an uninitialized 
state, each timer/counter must be initialized by 
specifying an operating mode and a count. Once 
programmed, a timer/counter will continue to operate 
in that mode until another mode is selected. When the 
count has been written to the counter and transferred 
to the down counter, a new count operation starts. 
Both the current count and the counter status can be 
read while count operations are in progress. 

TCU Commands 

TheTCU is programmed by issuing l/Oinstructionsto 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are 
selected by address bits A2 and A-| as follows. 



A 2 


Al 


Register 


Operation 








TCTO 
TSTO 


Read /Write 
Read 





1 


TCT1 
TST1 


Read/Write 
Read 


1 





TCT2 
TST2 


Read/Write 
Read 


1 


1 


TMD 


Write 



The timer mode (TMD) register selects the operating 
mode for each timer/counter and issues the latch 
command for one or more timer/counters. Figure 20 
shows the format for the TMD register. 

Writesto the timer/counter 2-0 (TCT2-TCT0) registers 
stores the new count in the appropriate timer/counter. 
The count latch command is used before reading 
count data in order to latch the current count and 
prevent inaccuracies. 

The timer status 2-0 (TST2-TST0) registers contain 
status information for the specified counter (figure 21). 
The latch command is used to latch the appropriate 
counter status before reading status information. If 
both status and counter data are latched for a counter, 
the first read operation returns the status data and 
subsequent read operations obtain the count data. 

Count Modes 

There are six programmable timer/counter modes. The 
timing waveforms for these modes are in figure 22. 

Mode [Interrupt on End of Count]. In this mode, 
TOUT changes from the low to high level when the 
specified count is reached. This mode is available on 
all timer/counters. 



Mode 1 [Retriggerable One-shot]. In mode 1, a low- 
level one-shot pulse, triggered by TCTL2 is output 
from the TOUT2 pin. This mode is available only on 
timer/counter 2. 

Mode 2 [Rate Generator]. In mode 2, TOUT cyclically 
goes low for one clock period When the counter 
reaches the 0001 H count. A counter in this mode 
operates as a frequency divider. All timer/counters can 
operate using mode 2. 

Mode 3 [Square Wave Generator] . Mode 3 is a frequency 
divider similar to mode 2, but the output has a sym- 
metrical duty cycle. This mode is available on all three 
timer/counters. 

Mode 4 [Software Triggered Strobe]. In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. Mode 4 is available on all 
timer/counters. 

Mode 5 [Hardware Triggered Strobe]. Mode 5 is similar 
to mode 4 except that operation is triggered by the 
TCTL2 input and can be retriggered. This mode is 
available only on timer/counter 2. 

Serial Control Unit 

The serial control unit (SOU) is a single asynchronous 
serial channel that performs serial communication 
between the //PD70216 and an external serial device. 
TheSCUissimilartothe//PD71051 Serial Control Unit 
except for the lack of synchronous communication 
protocols. Figure 23 is the block diagram of the 
SCU. 

The SCU has the following features. 

• Full-duplex asynchronous serial controller 

• Clock rate divisor (x1 6, x64) 

• Baud rates to 250 kb/s supported 

• 7-, 8-bit character lengths 

• 1-, 2-bit stop bit lengths 

• Break transmission and detection 

• Full-duplex, double-buffered transmitter/receiver 

• Even, odd, or no parity 

• Parity, overrun, and framing error detection 

• Receiver-full/transmitter-empty interrupt 

The SCU contains four separately addressable registers 
for reading/writing data, reading status, and control- 
ling operation of the SCU. The serial receive buffer 
(SRB) and the serial transmit buffer (STB) store the 
incoming and outgoing character data. The serial 
status (SST) register allows software to determine the 
current state of both the transmitter and receiver. The 
serial command (SCM) and serial mode (SMD) registers 
determine the operating mode of the SCU while the 
serial interrupt mask (SIMK) register allows software 
control of the SCU receive and transmit interrupts. 
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Figure 20. Timer Mode Register 
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Figure 21. TCU Status Register 
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Figure 22. TCU Waveforms (Sheet 1 of 3) 
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Figure 22. TCU Waveforms (Sheet 2 of 3) 



Mode 2 

CLK 

IOWR 

TCTL 

TOUT 



-\L2 



Count n n-1 0003H 0002H 0001 H | 0003H | 0002H | 0001 H 

Value i i i i I 



0003H 0002H 0002H 0003H 0OO2H 0001 



=T 



IOWR | / 



Value n "- 1 0006H 0005H 0004H 0003H | 0002H 



0001 H 0004H 0003H 0002H 




1_H±J 



TOUT 



l_f 



Count ^ I I I I I 

Value I " I I 0004H 0002H 0004H 0002H 0004H 0002H 0004H 0004H 



IOWR 



"h-i/ 



1 



I 



1_ 



n-1 0004H 0002H 0000H 0004H 0002H 0004H 0002H 0O00H I 



43 



//PD70216 (V50) 



Figure 22. TCU Waveforms (Sheet 3 of 3) 
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Figure 23. SCU Block Diagram 
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Receiver Operation 

While the RxD pin is high, the receiver is in an idle state. 
A transition on RxD from high to low indicates the start 
of new serial data. When a complete character 
has been received, it is transferred to the SRB; the 
receive buffer ready (RBRDY) bit in the SST register is 
set and (if unmasked) an interrupt is generated. The 
SST also latches any parity, overrun, or framing errors 
at this time. 

The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is 
set for as long as the subsequent receive data is low 
and resets when RxD returns to a high level. The MRDY 
bit (S CM) and RBR DY (SST) are gated to form the 
output SRDY. SRDY prevents overruns from occurring 
when the program is unable to process the input data. 
Software can control MRDY to prevent data from being 
sent from the remote transmitter while RBRDY can 
prevent the immediate overrun of a received character. 

Transmitter Operation 

TxD is kept high while the STB register is empty. When 
the transmitter is enabled and a character is written to 
the STB register, the data is converted to serial format 
and output on the TxD pin. The start bit indicates the 
start of the transmission and is followed by the character 



stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been 
transferred from the STB, the TRBDY bit in the SST is 
set and if unmasked, a transmit buffer empty interrupt 
is generated. 

Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts to the interrupt control unit. 
The SCU generates an interrupt in either of these 
conditions: 

(1 ) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 

(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 
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SCU Registers and Commands 

I/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits Ai and A 2 and the read/ 
write lines select one of the six internal registers as 
follows: 



A 2 
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Register 


Operation 








SRB 
STB 


Read 
Write 
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SST 
SCM 


Read 
Write 


1 





SMD 


Write 


1 


1 


SIMK 


Read/write 



The SRB and STB are 8-bit registers. When the 
character length is 7 bits, the lower 7 bits of the SRB 
register are valid and bit 7 is cleared to 0. If programmed 
for 7-bit characters, bit 7 of the STB is ignored. 

The SST register (figure 24) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 



Figure 25 shows the SCM and SMD registers. The SCM 
register stores the command word that controls 
transmission, reception, error flag reset, break trans- 
mission, and the state of the SRDY pin. The SMD 
register stores the mode word that determines serial 
characteristics such as baud rate divisor, parity, char- 
acter length, and stop bit length. 

Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
//PD71051, the SMD register can be modified at any 
time without resetting the SCU. 

The SIMK register (figure 26) controls the occurrence 
of RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the inter- 
rupt control unit. 

Baud Rate Generator 

Timer/counter 1 is used as the baud rate generator 
when the SCU is enabled. The input baud rate clock is 
scaled by 16 or 64, as selected in the SMD register, to 
determine the receive/transmit data clock. There are 
no restrictions on the SCU input baud rate clock other 
than operating the TCU in mode 3 with a square-wave 
output. 



Figure 24. SST Register 
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Figure 25. SCM and SMD Registers 
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Figure 26. SIMK Register 
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Interrupt Control Unit 

The interrupt control unit (ICU) is a programmable 
interrupt controller equivalent to the /iPD71059. The 
ICU arbitrates up to eight interrupt inputs, generates a 
CPU interrupt request, and outputs the interrupt vector 
number on the internal data bus during an interrupt 
acknowledge cycle. Cascading up to seven external 
slave //PD71 059s permits the juPD7021 6 to support up 
to 56 interrupt sources. Figure 27 is the block diagram 
for the ICU. 



The ICU has the following features. 

• Eight interrupt request inputs 

• Cascadable with yuPD71059 Interrupt Controllers 

• Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered interrupts only) 

• Individually maskable interrupt requests 

• Programmable interrupt request priority 

• Polling mode 

ICU Registers 

Use I/O instructions to the I/O addresses selected by 
the OPHA and IULA registers to read from and write to 
the ICU registers. Address bit A-| and the command 
word selects an ICU internal register. 
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Figure 27. ICU Block Diagram 
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Initializing the ICU 

The ICU is always used to service maskable interrupts 
in a ;uPD70216 system. Prior to accepting maskable 
interrupts, the ICU must first be initialized (figure 28). 
Following initialization, command words from the CPU 
can change the interrupt request priorities, mask/un- 
mask interrupt requests, and select the polling mode. 
Figures 29 and 30 list the ICU initialization and com- 
mand words. 

Interrupt initialization words 1-4 (IIW1-IIW4) initialize 
the ICU, indicate whether external //PD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1- 
INT7. Interrupt sources from the TCU are fixed as 
edge-triggering. INTO is internally connected to 
TOUT0, and INT2 may be connected to TOUT1 by the 
IRSW field intheOPCN. 

The interrupt mask word (IMKW) contains program- 
mable mask bits for each of the eight interrupt inputs. 
The interrupt priority and finish word (IPFW) is used by 
the interrupt handler to terminate processing of an 
interrupt or change interrupt priorities. The interrupt 
mode word (IMDW) selects the polling register, inter- 
rupt request (IRQ) or interrupt in service (IIS) register, 
and the nesting mode. 

The initialization words are written in consecutive 
order starting with IIW1 . IIW2 sets the interrupt vector. 
I IW3 specifies which interrupts are connected to slaves. 
IIW3 is only required in extended systems. The ICU will 
only expect to receive I IW3 if SNGL = (bit Dt of I IW1). 
IIW4 is only written if II4 = 1 (bit D of IIW1). 

//PD71059 Cascade Connection 

To increase the number of maskable interrupts, up to 
seven slave /yPD71059 Interrupt Controllers can be 
cascaded. During cascade operation (figure 31 ), each 

Figure 28. Initialization Sequence 
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slave yuPD71059 INT output is routed to one of the 
//PD70216 INTP inputs. During the second interrupt 
acknowledge bus cycle, the ICU places the slave 
address on address lines AD-io-ADs- Each slave com- 
pares this address with the slave address programmed 
using interrupt initialization word 3 (IIW3). If the same, 
the slave will place the interrupt vector on pins AD7- 
AD during the second interrupt acknowledge bus 
cycle. 

Figure 29. Interrupt Initialization Words 1-4 
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Figure 30. Command Words 
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Figure 31. 


fjPD71059 Cascade Connection 
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DMA Control Unit 

The DMA Control Unit (DMAU) is a high-speed DMA 
controller compatible with the //PD71071 DMA Con- 
troller. The DMAU has four independent DMA channels 
and performs high-speed data transfers between 
memory and external peripheral devices at speeds as 
high as 4 megabytes/second in an 8-MHz system. 
Figure 32 is the block diagram for the DMAU. 

The DMAU has the following features. 

Four independent DMA channels 

Cascade mode for slave //PD71071 DMA controllers 

20-bit address registers 

16-bit transfer count registers 

Single, demand, and block transfer modes 

Bus release and bus hold modes 

Autoinitialization 

Address increment/decrement 

Fixed/rotating channel priorities 

TC output at transfer end 

Forced termination of service by END input 

DMAU Basic Operation 

The DMAU operates in either a slave or master mode. 
I n the slave mode, the DMAU samples the four DMARQ 
input pins every clock. If one or more inputs are active, 
the corresponding DMA request bits are set and the 
DMAU sends a bus request to the BAU while continuing 
to sample the DMA request inputs. After the BAU 
returns the DMA bus acknowledge signal, the DMAU 
stops DMA request sampling, selects the DMA channel 
with the highest priority, and enters the bus master 
mode to perform the DMA transfer. While in the bus 



master mode, the DMAU controls the external bus and 
performs DMA transfers based on the preprogrammed 
channel information. 

Terminal Count 

The DMAU ends DMA service when the t ermi nal count 
condition is generated or when the END input is 
asserted. A terminal count (TC) is produced when the 
contents of the current count register becomes zero. If 
autoinitialization is not enabled when DMA service 
terminates, the mask bit of the channel is set and the 
DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers and new DMA transfers are 
again enabled. 

DMA Transfer Type 

The type of transfer the DMAU performs depends on 
the following conditions. 

• Direction of the transfer (each channel) 

• Transfer mode (each channel) 

• Bus mode 

Transfer Direction 

All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation transfers data from 
memory to an I/O port. A DMA write operation reads an 
I/O port and writes the data into memory. During 
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Figure 32. DMAU Block Diagram 
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memory-to-l/O transfer, the DMA mode (DMD) register 
is used to select the transfer directions for each 
channel and activate the appropriate control signals. 



Figure 33. Bus Modes 



Operation 


Transfer Direction 


Activated Signals 


DMA read 


Memory-* I/O 


I0WR, MRD 


DMA write 


I/O—* Memory 


I0RD, MWR 


DMA verify 




Addresses only; no transfer 
performed 



Bus Mode 

The DMA device control (DDC) register selects oper- 
ation in either the bus release or bus hold mode. The 
selected bus mode determines the DMAU conditions 
for return of the bus to the BAU. Figure 33 shows that in 
bus release mode, only a single channel is serviced 
after the DMAU obtains the bus. When DMA service 
ends (termination conditions depend on the transfer 
mode), the DMAU returns the bus to the BAU regardless 
of the state of other DMA requests, and the DMAU 
reenters the slave mode. When the DMAU regains use 
of the bus, a new DMA operation can begin. 

In bus hold mode, several channels can receive con- 
tiguous service without releasing the bus. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
immediately after the previous service without return- 
ing the bus to the BAU. 



Bus Release Mode 
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Transfer Modes 

The DMD register also selects either single, demand, 
or block transfer mode for each channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. The following table shows the various 
transfer modes and termination conditions. 



Transfer Mode 



Termination Conditions 



Single 



After each byte/word transfer 



Demand 



END input 
Terminal count 
Inactive DMARQ 

DMARQ of a higher priority channel 
becomes active (bus hold mode) 



Block 



END input 
Terminal count 
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The operation of single, demand, and block mode 
transfers depends on whether the DMAU is in bus 
release or bus hold mode. Figure 34 shows the oper- 
ation flow for the six possible transfer and bus mode 
operations in DMA transfer. 

Single Mode Transfer. In bus release mode, when a 
channel completes transfer of a single byte or word, 
the DMAU enters the slave mode regardless of the state 
of DMA request inputs. In this manner, other lower- 
priority bus masters will be able to access the bus. 

In bus hold mode, when a channel completes transfer 
of a single byte or word, the DMAU terminates the 
channel's service even if the DMARQ request signal is 
asserted. The DMAU will then service any other 
requesting channel. If there are no requests from any 
other DMA channels, the DMAU releases the bus and 
enters the slave state. 

Demand Mode Transfer. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMAchannelsare issuing higher-priority 
requests. When the DMA request of the serviced 
channel becomes inactive, the DMAU releases the bus 
and enters the slave state. 

In bus hold mode, when the active channel completes a 
single transfer, the DMAU checks the other DMA 
request lines without ending the current service. If 
there is a higher-priority DMA request, the DMAU 
stops the service of the current channel and starts 
servicing the highest-priority channel requesting serv- 
ice. If there is no higher request than the current one, 
the DMAU continues to service the currently active 
channel. Lower-priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 

Block Mode Transfer. In bus release mode, thecurrent 
channel continues DM A tra nsfers until a terminal 
count or the external END input becomes active. 
During this time, the DMAU ignores all other DMA 
requests. After completion of the block transfer, the 
DMAU releases the bus and enters the slave state, even 
if DMA requests from other channels are active. 

In bus hold mode, the current chan nel transfers data 
until an internal or external END signal becomes 
active. When the service is complete, the DMAU 
checks all DMA requests without releasing the bus. If 
there is an active request, the DMAU immediately 
begins servicing the request. The DMAU releases the 
bus after it honors all DMA requests or a higher-priority 
bus master requests the bus. 



Byte/Word Transfer 

TheDMD register can specify DMA transfers in byte or 
word units for each channel. Addresses and count 
registers are updated as follows during byte/word 
transfers. 





Byte Transfer 


Word Transfer 


Address register 


±1 


±2 


Count register 


-1 


-1 



During word transfers, two bytes starting at an even 
address are handled as a single word. If the starting 
address is odd, a DMA transfer is started after first 
decrementing the address by 1 . For this r easo n, always 
select even addresses. The A and UBE outputs 
control byte and word DMA transfers. The following 
shows the r elationship between the data bus width, 
Aq and UBE signals, and data bus status. 



An 


UBE 


Data Bus Status 





1 


D7-D0 valid 


1 





D15-D8 valid 








D15-D0 valid 



Autoinitialize 

When the DMD register selects autoinitialize for a 
channel, the DMAU automatica lly re initializes the ad- 
dress and count registers when END is asserted or the 
terminal count condition is reached. The contents of 
the base address and base count registers are transfer- 
red to the current address and current count registers, 
and the applicable bit of the mask register remains 
cleared. 

Channel Priority 

Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest 
priority will be serviced first. The DDC register selects 
one of two priority schemes: fixed or rotating (figure 
35). In fixed priority, channel is assigned the highest 
priority and channel 3, the lowest. In rotating priority, 
priority order is rotated after each service so that the 
channel last serviced receives the lowest priority. This 
method prevents the exclusive servicing of higher- 
priority channels and the lockout of lower-priority 
DMA channels. 
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Figure 34. Transfer Modes 
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Cascade Connection 

Slave //PD71071 DMA Controllers can be cascaded to 
easily expand the system DMA channel capacity to 16 
DMA channels. Figure 36 shows an example of cascade 
connection. During cascade operation, the DMAU acts 
as a mediator between the BAU and the slave 
//PD71071s. During DMA cascade mode operation, it is 
the responsibility of external logic to isolate the cascade 
bus master from the yuPD7021 6 control outputs. These 
outputs are listed in a table at the front of this data 
sheet. 



The DMAU always operates in the bus hold mode while 
a cascade channel is in service, even when the bus 
release mode is programmed. Other DMA requests are 
held pending while a slave yuPD71071 channel is in 
service. When the cascaded //PD71071 ends service 
and moves into the slave state, the DMAU also moves 
to the slave state and releases the bus. At this time, all 
bits of the DMAU request register are cleared. The 
DMAU continues to operate normally with the other 
noncascaded channels. 



Figure 35. 
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Figure 36. /jPD71071 Cascade Example 
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Bus Waiting Operation 

The DMAU will automatically perform a bus waiting 
operation (figure 37) whenever the RCU refresh request 
queue fills. When the DMA, bus acknowledge goes 
inactive, the DMAU enters the bus waiting mode and 
inactivates the DMA bus request signal. Control of the 
bus is then transferred to the higher-priority RCU by 
the BAU. 

Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until 
the DMA bus acknowledge signal again becomes 
active and the interrupted DMA service is immediately 
restarted. 

Programming the DMAU 

To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 

• Starting address for the transfer 

• Transfer count 

• DMA operating mode 

• Transfer size (byte/word) 

The contents of the OPHA and DULA registers deter- 
mine the base I/O port address of the DMAU. Addresses 
A3-A0 are used to select a particular register as follow: 



A3 


A 2 


Aj 


A 


Register 


Operation 

















1 
1 




1 



1 


DICM 
DCH 

DBC/DCC (low) 
DBC/DCC (high) 


Write 

Read/Write 
Read/Write 
Read/Write 








1 
1 
1 
1 





1 

1 




1 
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DBA/DCA (low) 
DBA/DCA (high) 
DBA/DCA (upper) 
Reserved 


Read/Write 
Read/Write 
Read/Write 













1 
1 




1 



1 


DDC (low) 
DDC (high) 
DMD 
DST 


Read/Write 
Read /Write 
Read/Write 
Read 




1 
1 
1 
1 





1 
1 




1 



1 


Reserved 
Reserved 
Reserved 
DMK 


Read/Write 



Word I/O instructions can be used to read/write the 
register pairs listed below. All. other registers are 
accessed via byte I/O instructions. 

DBC/DCC 

DBA/DCA (higher/lower only) 

DDC 



DMAU Registers 

Initialize. The DMA initialize command (DICM) register 
(figure 38) is used to perform a software reset of the 
DMAU. The DICM is accessed using the byte OUT 
instruction. 

Channel Register. Writes to the DMA channel (DCH) 
register (figure 39) select one of the four DMA 
channels for programming and also the base/current 
registers. Reads of the DCH register return the cur- 
rently-selected channel and the register access mode. 

Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register updates both 
the DMA base count (DBC) and the DMA current count 
(DCC) registers with a new count. If bit 2 of the DCH 
register is set, a write to the DMA count register affects 
only the DBC register. The DBC register holds the 
initial count value until a new count is specified. If 
autoinitialization is enabled, this value is transferred to 
the DCC register when a terminal count or END 
condition occurs. For each DMA transfer, the current 
count register is decremented by one. The format of 
the DMA count register is shown below. The count 
value loaded into the DBC/DCC registers is one less 
than the desired transfer count. 

7 2H, IN/OUT n 
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Address Register. Use either byte or word I/O in- 
structions with the lower two bytes (4H and 5H) of the 
DMA address register. However, byte I/O instructions 
must be used to access the high-order byte (6H) of this 
register. When bit 2 of the channel register is cleared, a 
write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 of the 
DCH register is set, a write to the DMA address register 
affects only the DBA register. 
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The DBA register holds the starting address value until 
a new address is specified. This value is transferred to 
the DCA register automatically if autoinitialization is 
selected. For each DMA transfer, the current address 
register is updated by two during word transfers and by 
one during byte transfers. 

Device Control Register. The DMA device control 
(DDC) register (figure 40) is used to to program the 
DMA transfer characteristics common to all DMA 
channels. It controls the bus mode, write timing, 
priority logic, and enable/disable of the DMAU. 

Status Register. The DMA status (DST) register (figure 
41) contains information about the current state of 
each DMA channel. Software can determine if a termin- 
ation condition has been reached (TC3-TC0) or if a 
DMA service request is present (RQ 3 -RQ ). The byte 
IN instruction must be used to read this register. 

Figure 37. Bus Waiting Operation 
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Figure 38. DMA Initialize Command Register 
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Figure 39. DMA Channel Register 
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Figure 40. DMA Device Control Register 
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[1] Disables BUSRQ to the BAU to prevent incorrect DMA 

operation while the DMAU registers are being initialized 

or modified. 
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verify transfer. 
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Figure 41. DMA Status Register 
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Mode Control Register. The DMA mode (DMD) register 
(figure 42) selects the operating mode for each DMA 
channel. The DCH register selects which DMD register 
will be accessed. A byte IN/OUT instruction must be 
used to access this register. 

Figure 42. DMA Mode Register 



Mask Register Read/Write. The DMA mask (DMK) 
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Figure 43. 
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Reset 



The falling edge of the RESET signal resets the 
//PD70216. The signal must be held low for at least four 
clock cycles to be recognized as valid. 



CPU Reset State 
Register 


Reset Value 


PFP 

PC 

PS 


OOOOH 
OOOOH 
FFFFH 


SS 

DSO 

0S1 


OOOOH 
OOOOH 
OOOOH 


PSW 

AW, BW, CW, DW, 

IX, IY, BP, SP 


F002H 
Undefined 


Instruction queue 


Cleared 



When RESET returns to the high level, the CPU will 
start fetching instructions from physical address 
FFFFOH. 

Internal Peripheral Registers 

Internal peripheral devices initialized on reset are 
listed in the following table. I/O devices not listed are 
not initialized on reset and must be initialized by 
software. 





Register 


Reset Value 


System 
I/O area 


OPCN 

OPSEL 

WCY1 


0000 

0000 

11111111 




WCY2 
WMB 
TCKS 
RFC 


— 1111 
-111-111 

---00000 
X--01000 


SCU 


SMD 
SCM 
SIMK 


01001011 
--0000-0 

11 




SST 
DCH 
DMD 


10000100 
---00001 
000000-0 


DMAU 


DDC (low) 
DDC (high) 
DST 


--00-0-- 

00 

xxxxOOOO 




DMK 


— 1111 



Symbols: x = unaffected; O = cleared; 1 = set; (-) = unused. 

Output Pin Status 

The following table lists output pin status during reset. 



Signal 


Status 


INTAK, BUFEN, BUFR/W, 
MRD, MWR, END/TC, I0WR, I0RD, 
REFRQ, UBE, BS 2 -BS , BUSLOCK, 
RESOUT, DMAAK3-DMAAK0 


High level 


QS r QS , ASTB, HLDAK 


Low level 


A 19 -A 16 /PS 3 -PSo,TOUT2 


High or low level 


AD 15 -AD 


High impedance 


CLKOUT 


Continues to supply clock 
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Instruction Set 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction 
execution. 

Clock timings assume the instruction has been pre- 
fetched and is present in the six-byte instruction 
queue. Otherwise, add four clocks for each pair of 
bytes not present. 

Word operands require four additional clocks for each 
transfer to an unaligned (odd-addressed) memory 
operand. These times are shown on the right-hand side 
of the slash (/). 

Forconditional control transferor branch instructions, 
the number on the left side of the slash is applicable if 
the transfer or branch takes place. The number on the 
right side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 

Symbols 



Symbols 



Symbol 


Meaning 


ace 


Accumulator (AW or AL) 


disp 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


farJabel 


Label within a different program 
segment 


far_proc 


Procedure within a different program 
segment 


fP-op 


Floating point instruction operation 


imm 


8- or 16-bit immediate operand 



Symbol 


Meaning 


imm3/4 


3- or 4-bit immediate bit offset 


imm8 


8-bit immediate operand 


imm16 


16-bit immediate operand 


mem 


Memory field (000 to 111); 
8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptr16 


Word containing the destination address 
within the current segment 


memptr32 


Double word containing a destination 
address in another segment 


mod 


Mode field (00 to 10) 


nearJabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 

8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


regptr 


16-bit register containing a destination 
address within the current segment 


regptr16 


Register containing a destination address 
within the current segment 


seg 


Immediate segment data (16 bits) 


shortJabel 


Label between -128 and +127 bytes from 
the end of the current instruction 


sr 


Segment register 


sre 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 
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Symbols (cont) 



Flag Operations 



Symbol 


Meaning 


cw 


CW register (16 bits) 


CY 


Carry tlag 


DH 


DW register (high byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 


DSO 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


MD 


Mode flag 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 
S = No sign extension 
S = 1 Sign extend immediate byte 
operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


SS 


Stack segment register (16 bits) 


V 


Overflow flag 


W 


Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


Z 


Zero flag 



Symbol Meaning 


(blank) No change 


Cleared toO 


1 Set to 1 


x Set or cleared according to result 


u Undefined 


R Restored to previous 


state 


Memory Addressing Modes 


mem mod = 00 mod = 01 


mod = 10 


000 BW + IX BW + IX + disp8 


BW + IX + disp16 


001 BW + IY BW + IY + disp8 


BW + IY + disp16 


010 BP + IX BP + IX + disp8 


BP + IX + disp16 


011 BP + IY BP + IY + disp8 


BP + IY + disp16 


100 IX IX + disp8 


IX + disp16 


101 IY IY + disp8 


IY + disp16 


110 Direct BP + disp8 


BP + disp16 


111 BW BW + disp8 


BW + disp16 


Register Selection (mod =11) 


reg W = 


W = 1 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


011 BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


IY 


Segmen t Register Selection 


sr Segment Register 


00 DS1 


01 PS 


10 SS 


11 DSO 
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Instruction Set 



Mnemonic Operand 



Opcode 
76543210 76543210 



Clocks Bytes 



Flags 
AC CY V P S Z 



Data Transfer Instructions 



MOV 



reg, reg 




1 








1 





1 


w 


1 1 




reg 


reg 


2 


2 


mem, reg 




1 








1 








w 


mod 




reg 


mem 


7/11 


2-4 


reg, mem 




1 








1 





1 


w 


mod 




reg 


mem 


10/14 


2-4 


mem, imm 




1 1 











1 


1 


w 


mod 




reg 


mem 


9/13 


3-6 


reg, imm 




1 


1 


1 


w 




reg 












4 


2-3 


ace, dmem 




1 


1 














w 










10/14 


3 


dmem, ace 




1 


1 











1 


w 










9/13 


3 


sr, reg16 




1 








1 


1 


1 





1 1 





sr 


reg 


2 


2 


sr, mem16 




1 








1 


1 


1 





mod 





sr 


mem 


10/14 


2-4 


reg16, sr 




1 








1 


1 








1 1 





sr 


reg 


2 


2 


mem16, sr 




1 








1 


1 








mod 





sr 


mem 


8/12 


2-4 


DSO, reg16, 


mem32 


1 1 











1 





1 


mod 




reg 


mem 


17/25 


2-4 


DS1, reg16, 


mem32 


1 1 











1 








mod 




reg 


mem 


17/25 


2-4 


AH, PSW 




1 





1 


1 


1 


1 


1 










2 


1 



PSW, AH 



MOVBK 



dst, sre 



10 11110 



1 1 1 W 



LDEA 


reg16, mem16 


1 











1 


1 


1 


mod 


reg 


mem 


4 


2-4 


TRANS 


src_table 


1 


1 





1 





1 


1 1 








9 


1 


XCH 


reg, reg 


1 














1 


1 w 


1 1 


reg 


reg 


3 


2 




mem, reg 


1 














1 


1 w 


mod 


reg 


mem 


13/21 


2-4 




AW, reg 16 


1 








1 







reg 








3 


1 


Repeat Prefixes 


REPC 







1 


1 








1 


1 








2 


1 


REPNC 







1 


1 








1 











2 


1 


REP 

REPE 

REPZ 




1 


1 


1 


1 








1 1 








2 


1 


REPNE 
REPNZ 




1 


1 


1 


1 








1 








2 


1 


Block Transfer Instructions 



1 

9 (9) + 8n (W = 0) 

9 (9) + 8n (W = 1, even addresses) 

9 (17) + 16n(W = 1, odd addresses) 

9 (13) + 12n (W = 1, odd/even addresses) 



CMPBK 



dst, sre 



1 1 1 1 W 



1 X X X X X X 

7 (13) + 14n (W = 0) 

7 (13) + 14n (W = 1, even addresses) 

7 (21) + 22n (W = 1, odd addresses) 

7 (17) + 18n (W = 1, odd/even addresses) 



CMPM 



dst 



1 1 1 1 1 W 



1 X X X X X 

7 (7) + 10n (W = 0) 

7 (7) + 10n (W = 1, even addresses) 

7 (11) + 14n (W = 1, odd addresses) 
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Instruction Set (cont) 



Mnemonic Operand 



Opcode 
76543210 76543210 



Clocks Bytes 



Flags 
AC CY V P 



Block Transfer Instructions (cont) 



LDM 



1 1 1 1 W 



1 
7 (7) + 9n (W = 0) 
7 (7) + 9n (W = 1, even addresses) 
7 (11) + l3n(W = 1, odd addresses) 



STM 


dst 


1 1 


1 ( 


) 1 W 


1 

5 (5) + 4n (W = 0) 

5 (5) + 4n (W = 1, even addresses) 

5 (9) + 8n (W = 1, odd addresses) 


n = number of returns 
String instruction execution clocks for a single-instruction execution are in parentheses. 


I/O Instructions 


IN 


ace, imm8 


1 1 1 





W 


9/13 2 




ace, DW 


1 1 1 


1 


W 


8/12 1 


OUT 


imm8, ace 


1 1 1 





1 W 


8/12 2 




DW, ace 


1 1 1 


1 


1 w 


8/12 1 


INM 


dst, DW 


1 1 


1 


w 


1 
9 (10) + 8n (W = 0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n (W = 1, odd addresses) 


OUTM 


DW, sre 


1 1 


1 


1 w 


1 
9 (10) + 8n (W = 0) 
9 (10) + 8n (W = 1, even addresses) 
9 (18) + 16n(W = 1, odd addresses) 


n = number of transfers 

String instruction execution clocks for a single instruction execution are in parentheses. 

Use the right side of the slash (/) for DMA I/O accesses. 


BCD Instructions 



ADJBA 










1 


1 





1 1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 










1 








1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 


1 


1 1 1 
















7 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 





1 


1 1 1 
















3 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, sre 














1 


1 1 1 























7 + 19n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, sre 














1 


1 1 1 

















1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, sre 














1 


1 1 1 














1 


1 





7 + 19n 


2 


u 


X 


u 


u 


u 


X 


R0L4 


reg8 



1 



1 










1 




1 1 1 

reg 











1 











13 


3 
















mem8 



mod 










1 




1 1 1 
mem 











1 











25 


3-5 














ROR4 


reg8 



1 



1 










1 




1 1 1 
reg 











1 





1 





17 


3 
















mem8 














1 


1 1 1 











1 





1 





29 


3-5 















mod 



mem 
n = number of BCD digits divided by 2 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 1 


Opcode 

7 6 5 4 3 2 





Clocks 


Bytes 


Flags 
AC CY V P S Z 


Data Type Conversion Instructions 


CVTBD 110 10 10 





10 





15 


2 


U U U X X X 


CVTDB 110 10 10 


1 


10 





7 


2 


U U U X X X 


CVTBW 10 110 









2 


1 




CVTWL 10 110 


1 






4/5 


1 




Arithmetic Instructions 



ADD 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 W 11 



reg 



reg 



W mod reg 



13/21 2-4 



1 W mod reg 



10/14 2-4 



100000SW 11000 



reg 



3-4 



100000SW mod 000 



15/23 3-6 



1 W 



2-3 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



ADDC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



1 1 W 11 



reg 



reg 



1 W mod 



reg 



13/21 



2-4 



1 1 W mod reg 



10/14 2-4 



100000SW 11010 



reg 



3-4 



100000SW mod 010 



15/23 3-6 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



1 1 W 



2-3 



X X X X X X 



SUB 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 1 W 11 



reg 



reg 



1 1 W mod reg 



13/21 2-4 



1 1 1 W mod reg 



10/14 



2-4 



100000SW 11101 



reg 



3-4 



100000SW mod 101 



15/23 3-6 



1 1 1 W 



2-3 



x x x x x x 



X X X X X x 



X X X X X X 



X X X X X X 



X X X X X X 



X X X X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



1 1 1 W 11 



reg 



reg 



1 1 W mod 



reg 



13/21 2-4 



1 1 1 W mod 



reg 



10/14 2-4 



x x x x x x 



X X X X X X 



X X X X X X 





reg, imm 



















s w 


1 1 





1 


1 


reg 


4 


3-4 


X 


X 


X 


X 


X X 




mem, imm 



















s w 


mod 





1 


1 


mem 


15/23 


3-6 


X 


X 


X 


X 


X X 




ace, imm 











1 


1 


1 


w 












4 


2-3 


X 


X 


X 


X 


X X 


INC 


reg8 




1 




1 


1 


1 


1 


1 1 











reg 


2 


2 


X 




X 


X 


X X 




mem 




1 




1 


1 


1 


1 w 


mod 











mem 


13/21 


2-4 


X 




X 


X 


X X 




reg16 





1 













reg 












2 


1 


X 




X 


X 


X X 


DEC 


reg8 




1 




1 


1 


1 


1 


1 1 








1 


reg 


2 


2 


X 




X 


X 


X X 




mem 




1 




1 


1 


1 


1 W 


mod 








1 


mem 


13/21 


2-4 


X 




X 


X 


X X 




reg16 





1 








1 




reg 












2 


1 


X 




X 


X 


X X 


MULU 


reg 




1 




1 





1 


1 W 


1 1 


1 








reg 


21-30 


2 


u 


X 


X 


u 


u u 




mem 




1 




1 





1 


1 W 


mod 


1 








mem 


26-35 


2-4 


u 


X 


X 


u 


u u 
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Instruction Set (cont) 


Mnemonic Operand 


7 6 5 4 3 2 1 


Opcode 
10 7 6 5 4 3 2 1 


1 Clocks 


Bytes 


Flags 
AC CY V P S Z 


Arithmetic Instructions (cont) 



MUL 



reg 



reg16,reg16,imm8 



reg16,mem16,imm8 



reg16,reg16,imm16 



CMP 



TEST 



reg, reg 



mem, reg 



reg, imm 



mem, imm 



ace, imm 



1111011W 11101 



reg 



33-47 



1 1 1 1 1 1 W mod 1 1 



38-52 2-4 



110 10 11 



1 1 



reg 



reg 



28-34 



110 10 11 



mod reg 



33-39 3-5 



110 10 1 



1 1 



reg 



reg 



36-42 



1 1 W 11 



reg 



reg 



1 1 W mod reg 



9/13 



2-4 



1111011W 11000 



reg 



3-4 



1 1 1 1 1 1 W mod mem 



10/14 3-6 



1 1 1 W 



2-3 



U X X u u u 



U X X u u u 



U X X u u u 



U X X u u u 



U X X U U II 



reg16,mem16,imm16 


1 


1 1 


1 


mod 


reg 


mem 


41-47 


4-6 


u 


X 


X 


u 


u 


u 


DIVU reg 


1 1 


1 1 


1 1 w 


1 1 


1 1 


reg 


19-25 


2 


u 


u 


u 


u 


u 


u 


mem 


1 1 


1 1 


1 1 w 


mod 


1 1 


mem 


24-30 


2-4 


u 


u 


u 


u 


u 


u 


DIV reg 


1 1 


1 1 


1 1 w 


1 1 


1 1 1 


reg 


29-43 


2 


u 


u 


u 


u 


u 


u 


mem 


1 1 


1 1 


1 1 w 


mod 


1 1 1 


mem 


34-48 


2-4 


u 


u 


u 


u 


u 


u 


Comparison Instructions 



reg, reg 


1 1 1 1 W 


1 1 


reg 


reg 


2 


2 


X X X X X 


X 


mem, reg 


1 1 1 W 


mod 


reg 


mem 


10/14 


2-4 


X X X X X 


X 


reg, mem 


1 1 1 1 W 


mod 


reg 


mem 


10/14 


2-4 


X X X X X 


X 


reg, imm 


1 S W 


1 1 


1 1 1 


reg 


4 


3-4 


X X X X X 


X 


mem, imm 


1 S W 


mod 


1 1 1 


mem 


12/16 


3-6 


X X X X X 


X 



ace, imm 


1 


1 1 1 


I W 










4 


2-3 


X X X X X X 


Logical Instructions 


NOT reg 


1 1 1 


1 1 


I 1 W 


1 1 


' 


I 


reg 


2 


2 




mem 


1 1 1 


1 1 


I 1 W 


mod 


■ 


I 


mem 


13/21 


2-4 




NEG reg 


1 1 1 


1 1 


I 1 W 


1 1 


■ 


I 1 


reg 


2 


2 


X X X X X X 


mem 


1 1 1 


1 1 


I 1 W 


mod 


- 


I 1 


mem 


13/21 


2-4 


X X X X X X 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



AND 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 11 



reg 



reg 



1 W mod 



reg 



13/21 2-4 



1 1 W mod 



reg 



10/14 2-4 



1000000W 11100 



reg 



3-4 



1 W mod 1 mem 



15/23 3-6 



1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



OR 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



1 1 W 1 1 



reg 



reg 



1 W mod reg 



13/21 



2-4 



1 1 W mod reg 



10/14 2-4 



1000000W 11001 



reg 



3-4 



1 W mod 1 



15/23 3-6 



1 1 1 W 



2-3 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 



u x x x 
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Instruction Set (cont) 



Mnemonic Operand 



5 4 3 2 1 



Opcode 

7 6 5 4 3 2 1 



Clocks Bytes 



Flags 
AC CY V P S Z 



Logical Instructions (cont) 



XOR 



reg, reg 





110 


1 w 


1 1 


reg 




reg 


2 


2 


u 








X 


X 


X 


mem, reg 





110 


w 


mod 


reg 




mem 


13/21 


2-4 


u 








X 


X 


X 


reg, mem 





110 


1 w 


mod 


reg 




mem 


10/14 


2-4 


u 








X 


X 


X 


reg, imm 


1 





w 


1 1 


1 1 





reg 


4 


3-4 


u 








X 


X 


X 


mem, imm 


1 





w 


mod 


1 1 





mem 


15/23 


3-6 


u 








X 


X 


X 





ace, imm 





1 








1 w 
















4 


2-3 


u 








X 


X 


X 


Bit Manipulation Instructions 




INS 


reg8, reg8 




1 1 






reg 


1 


1 1 1 

reg 








1 











1 


31-117/ 
35-133 


3 
















reg8, imm8 




1 1 










1 




1 1 1 
reg 








1 


1 








1 


31-117/ 
35-133 


4 














EXT 


reg8, reg8 




1 1 






reg 


1 


1 ! 
reg 








1 








1 


1 


26-55/ 
34-59 


3 
















reg8, imm8 




1 1 










1 




1 1 
reg 








1 


1 





1 


1 


26-55/ 
34-59 


4 














TEST1 


reg, CL 




1 1 










1 




1 1 
reg 




















w 


3 


3 


u 








u 


u 


X 




mem, CL 



mod 










1 




1 1 
mem 




















w 


7/11 


3-5 


u 








u 


u 


X 




reg, imm3/4 




1 1 










1 




1 1 
reg 











1 








w 


4 


4 


u 








u 


u 


X 




mem, imm3/4 



mod 










1 




1 1 
mem 











1 








w 


8/12 


4-6 


u 








u 


u 


X 


SET1 


reg, CL 




1 1 










1 




1 1 
reg 














1 





w 


4 


3 
















mem, CL 



mod 










1 




1 1 
mem 














1 





w 


10/18 


3-5 
















reg, imm3/4 




1 1 










1 




1 1 
reg 











1 


1 





w 


5 


4 
















mem, imm3/4 



mod 










1 




1 1 
mem 











1 


1 





w 


11/19 


4-6 
















CY 


1 1 


1 


1 


1 ( 


) 1 
















2 


1 




1 












DIR 


1 1 


1 


1 


1 


1 
















2 


1 














CLR1 


reg, CL 




1 1 










1 




1 1 
reg 

















1 


w 


5 


3 
















mem, CL 



mod 










1 




1 1 
mem 

















1 


w 


11/19 


3-5 
















reg, imm3/4 




1 1 










1 




1 1 
reg 











1 





1 


w 


6 


4 
















mem, imm3/4 



mod 










1 




1 1 
mem 











1 





1 


w 


12/20 


4-6 
















CY 


1 1 


1 


1 


1 ( 


) 
















2 


1 

















DIR 


1 1 


1 


1 


1 



















2 


1 
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Instruction Set (cont) 


Mnemonic Operands 7 6 5 4 3 2 


Opcode 

7 6 5 4 3 2 


Clocks 


Bytes 


Flags 
AC CY V P S Z 


Bit Manipulation Instructions (cont) 



NOT1 


reg, CL 




1 1 










1 




1 


1 
reg 










1 





1 1 w 


4 


3 
















mem, CL 



mod 










1 




1 1 1 

mem 








1 





1 1 w 


10/18 


3-5 
















reg, imm3/4 




1 1 










1 




1 


1 
reg 










1 


1 


1 1 w 


5 


4 
















mem, imm3/4 



mod 










1 




1 1 1 

mem 








1 


1 


1 1 w 


11/19 


4-6 
















CY 


1 1 


1 


1 





1 

















2 


1 




X 










Shift/Rotate Instructions 


SHL 


reg, 1 


1 1 





1 











w 


1 1 


1 








reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 1 





1 











w 


mod 


1 








mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 1 





1 








1 


w 


1 1 


1 








reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 1 





1 








1 


w 


mod 


1 








mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 1 

















w 


1 1 


1 








reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 1 

















w 


mod 


1 








mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 


1 1 





1 











w 


1 1 


1 





1 


reg 


2 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 1 





1 











w 


mod 


1 





1 


mem 


13/21 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 1 





1 








1 


w 


1 1 


1 





1 


reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 1 





1 








1 


w 


mod 


1 





1 


mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 1 

















w 


1 1 


1 





1 


reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 1 

















w 


mod 


1 





1 


mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


SHRA 


reg, 1 


1 1 





1 











w 


1 1 


1 




1 


reg 


2 


2 


u 


X 





X 


X 


X 




mem, 1 


1 1 





1 





0. 





w 


mod 


1 




1 


mem 


13/21 


2-4 


u 


X 





X 


X 


X 




reg, CL 


1 1 





1 








1 


w 


1 1 


1 




1 


reg 


7 + n 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 1 





1 








1 


w 


mod 


1 




1 


mem 


16/24 + n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 1 

















w 


1 1 


1 




1 


reg 


7 + n 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 1 

















w 


mod 


1 




1 


mem 


16/24 + n 


3-5 


u 


X 


u 


X 


X 


X 


ROL 


reg, 1 


1 1 





1 











w 


1 1 











reg 


2 


2 




X 


X 










mem, 1 


1 1 





1 











w 


mod 











mem 


13/21 


2-4 




X 


X 










reg, CL 


1 1 





1 








1 


w 


1 1 











reg 


7 + n 


2 




X 


u 










mem, CL 


1 1 





1 








1 


w 


mod 











mem 


16/24 + n 


2-4 




X 


u 










reg, imm 


1 1 

















w 


1 1 











rej 


7 + n 


3 




X 


u 










mem, imm 


1 1 

















w 


mod 











mem 


16/24 + n 


3-5 




X 


u 








ROR 


reg, 1 


1 1 





1 











w 


1 1 








1 


reg 


2 


2 




X 


u 










mem, 1 


1 1 





1 











w 


mod 








1 


mem 


13/21 


2-4 




X 


X 










reg, CL 


1 1 





1 








1 


w 


1 1 








1 


reg 


7 + n 


2 




X 


u 










mem, CL 


1 1 





1 








1 


w 


mod 








1 


mem 


16/24 + n 


2-4 




X 


u 










reg, imm8 


1 1 

















w 


1 1 








1 


reg 


7 + n 


3 




X 


u 










mem, imm8 


1 1 

















w 


mod 








1 


mem 


16/24 + n 


3-5 




X 


u 









n = number of shifts 
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Instruction Set (cont) 



Mnemonic Operands 



7 6 5 4 3 2 1 



Opcode 
7 



6 5 4 3 2 10 Clocks 



Flags 
AC CY V P S Z 



Shift/Rotate Instructions (cont) 



ROLC 



reg, 1 


1 1 


1 


W 


1 1 








reg 


2 


2 


X X 


mem, 1 


1 1 


1 


W 


mod 








mem 


13/21 


2-4 


X X 


reg, CL 


1 1 


1 


1 W 


1 1 








reg 


7 + n 


2 


X u 


mem, CL 


1 1 


1 


1 W 


mod 








mem 


16/24 + n 


2-4 


X u 


reg, imm8 


1 1 





W 


1 1 








reg 


7 + n 


3 


X u 



mem, imm8 



1100000W mod 010 



16/24 + n 3-5 



RORC 



reg, 1 


1 1 


1 








w 


1 1 


1 


reg 


2 


2 


X X 


mem, 1 


1 1 


1 








w 


mod 


1 


mem 


13/21 


2-4 


X X 


reg, CL 


1 1 


1 








1 w 


1 1 


1 


reg 


7 + n 


2 


X u 


mem, CL 


1 1 


1 








1 w 


mod 


1 


mem 


16/24 + n 


2-4 


X u 


reg, imm8 


1 1 











w 


1 1 


1 


reg 


7 + n 


3 


X u 


mem, imm8 


1 1 











w 


mod 


1 


mem 


16/24 + n 


3-5 


X u 



n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 



11111111 



mod 1 1 



15/23 



2-4 



reg16 



10 10 



reg 



6/10 



sr 110 



6/10 



PSW 



10 1110 



6/10 



110 



33/65 



1 



imm 



1 1 1 S 



5-6/9-10 2-3 



POP 



mem16 



reg 16 



PSW 



10 1111 



mod 



16/24 



2-4 



10 11 



reg 



8/12 



sr 111 



8/12 



10 1110 1 



8/12 



R R R R R R 



R 





10 


1 




43/75 


1 


PREPARE imm16, imm8 


1 


10 10 



*imm8 = 0: 12 
imm8>1 : 17 + 8(imm8- 


-D 


* 


4 


DISPOSE 


1 


10 10 


1 




6/10 


1 


Control Transfer Instructions 



CALL 



RET 



near_proc 


1 1 1 





1 
















16/20 


3 


regptr 


1 1 1 


1 


1 


1 1 


1 


1 1 


1 





reg 


14/18 


1 


memptr16 


1 1 1 


1 


1 


1 1 


1 


mod 





1 


mem 


23/31 


2-4 


far_proc 


1 


1 


1 


1 













21/29 


5 


memptr32 


1 1 1 


1 


1 


1 1 


1 


mod 





1 1 


mem 


31/47 


2-4 




110 








1 


1 










15/19 


1 


pop_value 


1 1 








1 













20/24 


3 




1 1 





1 


1 


1 










21/29 


1 



pop_value 



110 10 10 



24/32 
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Instruction Set (cont) 



Mnemonic 



Opcode 
7 6 5 4 3 2 1 7 



6 5 4 3 2 10 Clocks Bytes 



Flags 
AC CY V P S Z 



Control Transfer Instructions (cont) 



BR 


nearJabel 


1 1 







1 








1 








13 


3 






shortJabel 


1 1 







1 





1 


1 








12 


2 






reg 


1 1 




1 


1 


1 


1 


1 


1 1 


1 


reg 


11 


2 






memptr16 


1 1 




1 


1 


1 


1 


1 


mod 


1 


mem 


19/23 


2-4 






farJabel 


1 1 







1 





1 











15 


5 






memptr32 


1 1 




1 


1 


1 


1 


1 


mod 


1 1 


mem 


26/34 


2-4 




BV 


nearJabel 


1 




1 




















14/4 


2 




BNV 


nearJabel 


1 




1 











1 








14/4 


2 




BC, BL 


nearJabel 


1 




1 








1 











14/4 


2 




BNC, BNL 


nearJabel 


1 




1 








1 


1 








14/4 


2 




BE, BZ 


nearJabel 


1 




1 





1 














14/4 


2 




BNE, BNZ 


nearJabel 


1 




1 





1 





1 








14/4 


2 




BNH 


nearJabel 


1 




1 





1 


1 











14/4 


2 




BH 


nearJabel 


1 




1 





1 


1 


1 








14/4 


2 




BN 


nearJabel 


1 




1 


1 

















14/4 


2 




BP 


nearJabel 


1 




1 


1 








1 








14/4 


2 




BPE 


nearJabel 


1 




1 


1 





1 











14/4 


2 




BPO 


nearJabel 


1 




1 


1 





1 


1 








14/4 


2 




BLT 


nearJabel 


1 




1 


1 


1 














14/4 


2 




BGE 


nearJabel 


1 




1 


1 


1 





1 








14/4 


2 




BLE 


nearJabel 


1 




1 


1 


1 


1 











14/4 


2 




BGT 


nearJabel 


1 




1 


1 


1 


1 


1 








14/4 


2 




DBNZNE 


nearJabel 


1 1 

























14/5 


2 




DBNZE 


nearJabel 


1 1 
















1 








14/5 


2 




DBNZ 


nearJabel 


1 1 













1 











13/5 


2 




BCWZ 


nearJabel 


1 1 













1 


1 








13/5 


2 




Interrupt Instructions 


BRK 


3 


1 1 








1 


1 














38/50 


1 






imm8 


1 1 








1 


1 





1 








38/50 


2 




BRKV 


imm8 


1 1 








1 


1 


1 











40/3 


1 




RETI 




1 1 








1 


1 


1 


1 








27/39 


1 R R 


R R R R 



CHKIND 


reg16, mem32 


1 


1 











1 





mod 


reg 


mem 


17-25/ 
52-55 


2-4 


BRKEM 


imm8 











1 


1 


1 


1 


1 1 


1 1 1 


1 1 1 


38/50 


3 


CPU Control Instructions 


HALT 




1 1 


1 


1 





1 














2 


1 


BUSLOCK 




1 1 


1 


1 




















2 


1 


FP01 


fp_op 


1 1 





1 


1 


X 


X 


X 


1 1 


Y Y Y 


111 


2 


2 




fp_op, mem 


1 1 





1 


1 


X 


X 


X 


mod 


Y Y Y 


mem 


10/14 


2-4 


FP02 


fp-op 


1 


1 








1 


1 


X 


1 1 


Y Y Y 


111 


2 


2 




fp_op, mem 


1 


1 








1 


1 


X 


mod 


Y Y Y 


mem 


10/14 


2-4 
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Instruction Set (cont) 


Mnemonic Operand 7 


6 


5 


4 3 2 1 


Opcode 

76543210 Clocks 


Bytes 


Flags 
AC CY V P S Z 


CPU Control Instructions (cont) 


POLL 1 








110 11 2 + 5n 
n = number of times POLL pin is sampled. 


1 




NOP 1 








10 


3 


1 




Dl 1 


1 


1 


110 1 


2 


1 




El 1 


1 


1 


110 1 


1 2 


1 




DS0:,DS1:,PS:,SS: 
(segment override prefixes) 





1 


seg 1 1 


2 


1 




8080 Instruction Set Enhancements 


RETEM 1 


1 


1 


110 


1 1111110 1 27/39 


2 


R R R R R R 


CALLN imm8 1 


1 


1 


110 


1 1110 110 1 38/58 


3 
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NEC Electronics Inc. 



/JPD70136 (V33) 

16- Bit Microprocessor: 

High-Speed, CMOS 



Description 

The ^PD70136 (V33™) is a 16-bit, high-speed CMOS 
microprocessor that is object and source code compat- 
ible with the juPD701 16 (V30®). Performance is four times 
that of the 10-MHz V30 due to a number of architectural 
features, such as hard-wired data path control and 
dedicated high-speed logic. The address space is ex- 
panded to 16M bytes using an internal address transla- 
tion table. 

The powerful instruction set includes bit processing, 
bit-field insertion and extraction, and BCD string arith- 
metic. Using a modified Booth's algorithm, the 16-MHz 
device can execute a 16-bit multiply in 750 ns. 

The ^PD70136 has separate 16-bit data and 24-bit ad- 
dress buses. Bus control is synchronous. The nominal 
bus cycle is two clock periods. Dynamic bus sizing is 
supported for devices that require an 8-bit data path. 
This allows the /*PD701 36 to be used in either 16- or 8-bit 
systems. 

An undefined instruction trap allows instructions that 
are not part of the V-Series instruction set (such as 
commands for proprietary MMUs) to be emulated. The 
/xPD72291 , a high-speed CMOS floating-point coprocesr 
sor capable of 530K floating-point operations per sec- 
ond at 16 MHz, is offered. 

Features 

b 125-ns minimum instruction execution time at 
16 MHz 

a Expanded address space 

— 24-bit addressing to 16M bytes 

— LIM 4.0 compatible 

n No microcode; better performance with hard-wired 
data path control 

° Dynamic bus sizing for both memory and I/O 

a Fully jtiPD70116 software compatible 

° Undefined instruction trap 



a High-speed multiplication: 16-bit multiply in 
12 clocks (0.75 its at 16 MHz) 

n High-speed division: 16-bit divide in 19 clocks 
(1.19 MS at 16 MHz) 

a ^PD72291 floating-point coprocessor executes 530K 
floating-point operations per second 

d BCD string arithmetic instructions 

d CMOS with low-power standby mode 

a 12.5-MHz or 16-MHz clock 

° Single power supply 

Ordering Information 



Part Number 


Clock (MHz) 


Package 


juPD70136R-12 


12.5 


68-pin ceramic PGA 


R-16 


16 




L-12 


12.5 


68-pin PLCC 


L-16 


16 




GJ-12 


12.5 


74-pin plastic QFP 


GJ-16 


16 





V30 is a registered trademark of NEC Corporation 

V20, V33, V40, and V50 are trademarks of NEC Corporation 



PPD70136 (V33) 



NEC 



Pin Configurations 
68-Pin Ceramic PGA 



1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
11 


Bottom View 
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Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 




A2 


AEX 


B9 


CLK 


F10 


Vdd 


K4 


A12 


A3 


HLDAK 


B10 


D 14 


F11 


GND 


KS 


A14 


A4 


READY 


B11 


D12 


G1 


Ao 


K6 


GND 


A5 


CPREQ 


C1 


UBE 


G2 


Ai 


K7 


A16 


A6 


VDD 


C2 


BUSST1 


G10 


D 5 


K8 


D18 


A7 


CPBUSY 


C10 


D11 


G11 


D4 


K9 


A20 


A8 


INT 


C11 


D10 


H1 


A2 


K10 


A 23 


A9 


D15 


D1 


BUSSTO 


H2 


A3 


K11 


A22 


A10 


D13 


D2 


R/W 


mo 


D3 


L2 


A7 


B1 


BUSLOCK 


D10 


D 9 


H11 


D 2 


L3 


A9 


B2 


BCYST 


D11 


D 8 


J1 


A4 


L4 


An 


B3 


BS8/BS16 


E1 


M/IO 


J2 


A 5 


L5 


A13 


B4 


HLDRQ 


E2 


DSTB 


J10 


D1 


L6 


VDD 


B5 


RESET 


E10 


D 7 


J11 


DO 


L7 


A15 


B6 


GND 


E11 


Ds 


K1 


As 


L8 


A17 


B7 


CPERR 


F1 


GND 


K2 


AS 


L9 


A19 


B8 


nmT 


F2 


VDD 


K3 


A10 


L10 


A 21 


ABCDEFGHJKL 
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68-Pin PLCC 



A7C61 

A 8 C 62 
AgC 63 

A10C 64 

AnC 65 

A12C 

A13C 

A14C 

VDDC 
GNDC 

A15C 

A16C 

A17C 

A18C 

A19C 

A20C 
A21C 



I co , 
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lo ir> 



t ** 



o 



HPD70136L 



DAEX 
UBS8/BS16 
J HLDAK 
J HLDRQ 
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1-X-T-T-1-T-T-T-T-T-OJC\JCjCV|CMC\J 
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43 
42 
41 
40 
39 
38 
37 
36 
35 
34h CPERR 



3 READY 
3 RESET 
J CPREQ 
I] GND 
DV D D 



33 3 CPBUSY 

> 3NMI 
31 DINT 
30 3CLK 
29 DD15 
28 3D14 
27DD13 
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74-Pin Plastic QFP 
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56 

1 w 55 


HA 2 1 




D13C 


3A20 




D14C 


2 54 


3A 19 




D15C 


3 53 


3A18 




CLKC 


4 52 


HA17 




INTC 


5 51 


HA 16 




NMIC 


6 50 


HA 15 




CPBUSY C 


7 49 


3NC 




CPERRtl 


8 48 


HGND 




vddC 


9 (iPD70136GJ 47 


HV DD 




GNDC 


10 46 


3Au 




CPREQC 


11 45 


HA 13 




NCE 


12 44 


3A12 




RESET C 


13 43 


UNC 




READY C 


14 42 


H An 




HLDRQC 


15 41 


HA 10 




HLDAKC 


16 40 


HAg 




BS8/BS16C 


17 39 


DA 8 




AEXC 


18 38 

OO-rNn^lflfflNfflffiO'-Nn^lfl ID s 
^CMCacMCMCMCMCMCMCMCMCOCOCOCOCOCOCOCO 


HA7 






uuuuuuuuuuuuuuuuuuu 
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Pin Identification 



Symbol 


I/O 


Function 


A -A 2 3 


3-state 


Address bus 


D -D 15 


3-state 


Data bus 


Dbe 


3-state 


Upper byte enable 


R/W 


3-state 


Read/write 


M/lO" 


3-state 


Memory I/O 


BUSSTO, 
BUSST1 


3-state 


Bus status 


BCYST 


3-state 


Bus cycle start strobe 


DSTB 


3-state 


Data strobe 


BUSLOCK 


Out 


Bus lock 


READY 


In 


Ready 


B58/BS16 


In 


Dynamic bus sizing control 


AEX 


Out 


Address expansion flag 


HLDRQ 


In 


Bus hold request 



Symbol 


I/O 


Function 


HLDAK 


Out 


Bus hold acknowledge 


INT 


In 


Maskable interrupt 


NMT 


In 


Nonmaskable interrupt 


CPBUSY 


In 


Coprocessor busy 


CPERR 


In 


Coprocessor error 


CPREQ 


In 


Coprocessor request 


RESET 


In 


Reset 


CLK 


In 


Clock 


Vdd 


- 


+ 5-volt power supply 


GND 


- 


Ground 


IC 


— 


Internal connection; connect to 
ground 


NC 


- 


No connection 
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Table 1. Output Pin States 







States 




Symbol 


Hold 


Standby 


Reset 


A -A 23 (Note 1) 


Hi-z 


L 


Hi-z 


D 15 -D (Note 1) 


Hi-z 


(Note 2) 


Hi-z 


OBI (Note 1) 


Hi-z 


H 


Hi-z 


R/W (Note 1) 


Hi-z 


L 


Hi-z 


M/I5 (Note 1) 


Hi-z 


L 


Hi-z 


BUSSTO, BUSST1 (Note 1) 


Hi-z 


H 


Hi-z 


BCYST (Note 1) 


Hi-z 


(Note 3) 


Hi-z 


bSTB (Note 1) 


Hi-z 


H 


Hi-z 


BUSLOCK 


(Note 4) 


(Note 4) 


H 


AEX 


(Note 5) 


(Note 5) 


L 


HLDAK 


H 


L 


L 



Notes: 

(1) Latched internally. 

(2) Undefined during first two clock periods of the halt acknowledge 
cycle; three-state thereafter. 

(3) Low during first clock period of the halt acknowledge cycle; high 
thereafter. 



(4) Low if BUSLOCK prefix is used for halt instruction; high other- 
wise. 

(5) Low if in extended addressing mode; high otherwise. 

PIN FUNCTIONS 

CLK (Clock) 

CLK is the main clock. All timing is relative to this input. 
Each bus state is one CLK period wide. Instruction clock 
counts refer to this CLK input. 

A0-A23 (Address Bus) 

A0-A23 form the 24-bit physical address bus. It is used to 
access both the l6M-byte expanded and 1M-byte nor- 
mal memory spaces and the 64K-byte I/O space. These 
three-state outputs become valid during T1 of all bus 
cycles and remain valid until after the bus cycle is 
completed. During HLDAK and when RESET is active, 
these outputs are not driven. 

D0-D15 (Data Bus) 

Do-Deform the 16-bit data bus, which is used to transfer 
16- and 8-bit data between the /*PD70136 and the exter- 
nal system. To accommodate 8-bit devices, dynamic bus 



sizing can be selected so that only the lower 8 bits, 
D0-D7, are used. During CPU read cycles, the value on 
the data bus is latched by the CPU on the trailing edge of 
T2 or the last TW state. During CPU write cycles, D -D 15 
become valid after the rising edge of T1 and remain valid 
until after the rising edge of the clock cycle following T2 
or the last TW state. During HLDAK and when RESET is 
asserted, D0-D15 are not driven. 

UBE (Upper Byte Enable) 

UBE indicates that the upper 8 bits of the data bus will be 
used in the current CPU bus cycle. This signal is used in 
conjunction with Aq as shown in table 2. 

Table 2. Bus Operation vs UBE and Aq 



Bus Operation 


DIE 


Ao 


Number of 
Bus Cycles 


Ward at even address, 





(Note 1) 


2 


B58/BS16 = 


1 


1 (Note 3) 




Ward at odd address 





1 (Note 1) 


2 




1 


(Note 2) 




Byte at even address 


1 





1 


Byte at odd address 





1 


1 



Notes: 

(1) First bus cycle 

(2) Second bus cycle 

(3) Second cycle for bus sizing 

UBE has the same timing as A0-A23 and is not driven 
during HLDAK or while RESET is asserted. 

R/W (Read/Write) 

R/W indicates whether the current bus cycle will be a 
read or a write. If R/W is high, then the cycle will be a 
read; if low, a write cycle. R/W has the same timing as 
A -A 2 3 and is not driven during HLDAK or while RESET is 
asserted. 

M/iO (Memory/IO) 

M/IO indicates whether the current bus cyclewill be an 
access to the memory or I/O space. If M/IO is high, 
access will be to memory; if low, to the I/O space. M/IO is 
used with BUSSTO and BUSST1 to identify the cycle type. 
M/IO has the same timing as A0-A23 and is not driven 
during HLDAK or while RESET is asserted. 
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BUSST0-BUSST1 (Bus Cycle Status) 

BUSSTOand BUSST1, in conjunction with M/IOand R/W 
identify the current cycle type as shown in table 3. 

Table 3. Bus Cycle Types 







Status 






M/R5 


R/W 


BUSST1 


BUSSTO 


Type of Bus Cycle 





1 








Interrupt acknowledge 





1 





1 


I/O read 











1 


I/O write 





1 


1 





Coprocessor read 








1 





Coprocessor write 








1 


1 


HALT acknowledge 


1 


1 








Instruction fetch 


1 


1 





1 


Memory, read 


1 








1 


Memory write 


1 


1 


1 





CP data read 


1 





1 





CP data write 



Note: All bus status signals change after the start of the T1 state. 

The 11 cycle types are described in detail in the bus 
cycles section. The remaining five combinations of these 
inputs are reserved for future use. 

BUSSTO-BUSSTI have the same timing as the address 
bus, A0-A23, and are not driven during HLDAK or while 
RESET is asserted. 



BCYST (Bus Cycle Start) 



BCYST indicates the start of a bus cycle. It is asserted 
low during Tt.of every bus cycle, and on ly for the first 
clock period of each bus cycle. BCYST is not driven 
during HLDAK or while RESET is asserted. 



DSTB (Data Strobe) 



DSTB indicates the status of the data on D -Di 5 . When 
asserted low during a write cycle, the pPD70136 drives 
the write data on D0-D15. When the CPU asserts this 
output during a read cycle, external logic should drive 
the read data onto D0-D15. 



DSTB is asserted following the rising edge (middle) of 
T1, and stays asserted through T2 and any TW (wait) 
state that may be inserted. During write cycles, DSTB 
will be deasserted after the rising ed ge of e ither T2 or the 
last wait state. During read cycles, DSTB is deas serted 
after the trailing edge of T2 or the last wait state. DSTB 
is not driven during HLDAK, HALT acknowledge cycles, 
or while RESET is asserted. 



BUSLOCK (Bus Lock) 



BUSLOCK should be used by external logic to exclude 
any other bus master (e.g., a DMA controller) from using 
a shar ed resource that the jiPD701 36 currently is using. 
When BUSLOCK is asserted high, HLDRQ will be ig- 
nored. 



BUSLOCK is asserted when the BUSLOCK prefix is 
executed or when the ^PD70136 is performing a bus 
operation that must not be in terfered w ith, such as an 
interrupt acknowledge cycle. BUSLOCK has the same 
timing as the address bus A0-A23 and is driven high 
during HLDAK and RESET. 



READY (System Ready) 



READY is asserted low when the external system is 
ready f or the current bus cycle to terminate. While 
READY is not asserted, the jkPD70136 willadd TW (wait) 
states t o the current bus cycle. The bus state in which 
READY is sampled low will be the last state of the cycle. 



READY is used during CPU read cycles to give slow 
devices time to drive the D0-D7 inputs, and during write 
cycles to give slow devices enough time to finish the 
write operation. 



READY is sa mpled on the rising (middle) edge of T2 and 
all TW states. READY is ignored during the HLDAK state. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 



BS8/BS16 (8-Bit Bus Size/16-Bit Bus Size) 

BS8/BS16 is driven low by external logic when the 
iaPD70136 addresses a device with an 8-bit data path. If 
the jttPD70136 operand is 16 bits wide and BS8/BS16 is 
low, then the jtPD70136 will perform two 8-bit bus 
cycles. The current bus cycle will handle the low byte on 
D0-D7, and the next bus cycle will handle the upper byte 
also on D0-D7. This input is ignored during HLDAK, 
interrupt acknowledge, and coprocessor cycles. 

BS8/BS16 is sampled on the rising (middle) edge of T2 or 
the last TW state, coincident with READY This input is 
not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 

AEX (Address Expansion) 

AEX is asserted when the expanded addressing mode is 
enabled. When AEX is high, the memory address space 
is 16M bytes (24-bit address), and when low, 1M bytes 
(20-bit address). 
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HLDRQ (Hold Request) 

HLDRQ is asserted high by external logic when an 
external bus master (e.g., a DMA controller) wants to 
take over the juPD70136 bus. When HLDRQ is detected 
high, the pPD70136 will release the bus after the current 
bus operation is completed. Note that this is not neces- 
sarily the current bus cycle. The ^PD70136 releases its 
bus by floating the address, data, and control buses. See 
table 1. 

HLDRQ is sampled on the risin g edge of each clock. It 
will be ignored while BUSLOCK is asserted. This input is 
not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 

HLDAK (Hold Acknowledge) 

HLDAK is asserted when the pPD70136 enters the hold 
acknowledge state in response to HLDRQ. Data, ad- 
dress, and control buses are not driven. See table 1. 

INT (Interrupt Request) 

INT is asserted high by external logic to notify the CPU 
that an external event has occurred that requires the 
CPU's attention. After INT has been sampled high, and if 
the IE (enable interrupts) bit in the PSW is high, interrupt 
processing will begin after the current instruction is 
completed. 

INT is sampled on the rising edge of each clock. After 
being asserted high, INT must be kept high until the first 
INTAK cycle begins. This input is not internally synchro- 
nized. To ensure proper device operation, minimum 
setup and hold times must be met. 

NMI (Nonmaskable Interrupt Request) 

NMI is asserted by external logic to notify the CPU that 
an external event has occu rred w hich requires the CPU's 
immediate attention. When NMI is sampled low, interrupt 
processing will begin immediately after the current in- 
struction is completed. A trap will be taken through 
ve ctor 2 . The state of the IE bit in the PSW has no effect 
on NMI acceptance. 



NMI is sampled on the rising edge of each clock. This 
input is not internally synchronized. To ensure proper 
device operation, minimum setup and hold times must 
be met. 

Once NMI is samped low, an internal flag is set, so that a 
one-clock pulse meeting setup and ho ld tim es will be 
recognized. The flag is cleared when the NMI is accepted 
and can be set again immediately. 

CPBUSY (Coprocessor Busy) 



CPBUSY is asserted low by a coprocessor (such as 
/*PD72291) when it is busy with an internal operation. 
The |*PD70136 uses this pin to check the status of the 
coprocessor. 



CPBUSY is sampled on the falling edge of each clock. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 



CPERR (Coprocessor Error) 



CPERR is asserted low by a coprocessor to notify the 
/*PD70136of an error. 



CPERR is sampled on the falling edge of each clock. This 
input is not internally synchronized. To ensure proper 
device operation, minimum setup and hold times must 
be met. 

CPREQ (Coprocessor Request) 

CPREQ is asserted high by a coprocessor to request the 
jiPD70136 to run a memory operation for the co- 
processor. 

CPREQ is sampled on the falling edge of each clock. This 
input is not internally synchronized. To ensure proper 
device operation, minimum setup and hold times must 
be met. 



NEC 



JUPD70136 (V33) 



RESET (Reset) 

RESET is asserted high when external logic needs to 
initialize the jaPD70136; for instance, after power-up. 
When RESET is asserted for at least 6 clock periods, the 
liPD70136 will abort any current bus cycles and initialize 
the registers as shown in table 4. 



Table 4. 


Register Initialization by Reset 








Register 


Offset Value 


PFP 


0000H 


PC 


OOOOH 


PS 


FFFFH 


SS 


OOOOH 


DSO 


OOOOH 


DS1 


OOOOH 




15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


PSW 


1 


1 


1 


1 
































1 









Prefetch Qu 


eue Cleared 


Address Mo 


de Normal Address Mode 


Other 
Registers 


Undefined Of power has just been turned on) 
Unchanged (if power on, but RESET Is asserted) 



Refer to table 1 for the state of the nPD70136 outputs 
during reset. When RESET is deasserted low, the 
jaPD70136 will begin fetching from address OFFFFOH. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 
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/iPD70136 Block Diagram 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

T A - +25°C 



Power supply voltage, Vqd 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5VtoV DD + 0.3V 


CLK input voltage, V K 


-0.5VtoV DD + 1.0 V 


Output voltage, Vq 


-0.5VtoV DD + 0.3V 


Operating temperature, Topt 


-10 to +70°C 


Storage temperature, Tstg 


-65 to +150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 



Capacitance 

T A .- +25°C, V DD = 


OV 








Parameter 


Symbol 


Max 


Unit 


Conditions 


Input capacitance 


c, 


15 


PF 


fc = 1 MHz; 
unmeasured pins 
returned to V. 


I/O capacitance 


Cio 


15 


PF 



Typical Supply Current vs Clock Frequency 





























[100] 








Operating ,. 












Standby v 




[25] 



6 8 10 12 

Frequency [MHz] 



DC Characteristics 

T A - -10 to +70°C, V DD = +5 V ±10% 



Parameter 


Symbol 


Mln 


Typ Max 


Unit 


Conditions 


Input voltage high 


V|H 


2.2 


V DD + 0.3 


V 




Input voltage low 


VlL 


-0.5 


0.8 


V 




CLK Input voltage high 


V K H 


0.8 V DD 


V DD + 0.5 


V 




CLK input voltage low 


Vkl 


-0.5 


0.6 


V 




Output voltage high 


V H 


0.7 V DD 




V 


Iqh -400 mA 


Output voltage low 


Vol 




0.45 


V 


Iql = 2.5 mA 


Input leakage current high 


■lih 




-10 


l«A 


■ ■ V, - v DD 


Input leakage current low 


"lil 




10 


pA 


V, = 0V 


Output leakage current high 


'loh 




10 


nk 


v - v DD 


Output leakage current low 


•lol 




-10 


pA 


v = ov 



Supply current 



*Stop mode current is not a function of CPU 
clock frequency 



Idd 

(see graph) 



16 MHz 



100 



150 



200 



mA 



pA 



Normal operation 





25 


35 


mA 


Standby mode 


12.5 MHz 


75 


110 


mA 


Normal operation 




20 


30 


mA 


Standby mode 



Stop mode 
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AC Characteristics 

T A = -10 to +70°C; V DD = 5 V ±10%; C L = 


100 pF 


















Symbol 


12.5-MHz Limits 




16 MHz-Llmlts 






Parameter 


Mln 




Max 


Mln 




Max 


Unit 


Clock period 


*CYK 


80 




500 


62.5 




500 


ns 


Clock high-level width 


Vkh 


35 






25 






ns 


Clock low-level width 


*KKL 


35 






25 






ns 


Clock rise time (1.7 V - 3.0 V) 


*KR 






5 






5 


ns 


Clock fall time (3.0 V - 1 .7 V) 


*KF 






5 






5 


ns 


Reset delay time (V DD valid) 


bVHST 


1 






1 






flS 


Reset setup time (CLK 4) 


^SRSTK 


10 






10 






ns 


Reset hold time (CLK 4) 


*HKRST 


15 






15 






ns 


Reset high time 


tyVRSTH 


6 






6 






tCYK 


CLK 4 -BCYST delay 


bKBC 


5 




40 


5 




40 


ns 


BCYST low-level width 


tBCBCL 


tCYK-10 






tCYK-10 






ns 


BCYST high-level width 


^BCBCH 


tCYK (n + 1) 


-10 




tCYK (n + 1) 


-10" 




ns 


CLK 4 -» address delay 


*DKA 


5 




40 


5 




40 


ns 


CLK 4. -•> status delay 


tDKST 


5 




40 


5 




40 


ns 


READY setup time (CLK t) 


*SRYK 


7 






7 






ns 


READY hold time (CLK t) 


fHKRY 


15 






15 






ns 


CLK t -~ data output delay 


toKD 


5 




40 


5 




40 


ns 


Floating delay 


*FK 







50 







50 


ns 


CLK t - DlTTS delay 


tQKDS 


5 




40 


5 




40 


ns 


Address/status output -* DSTB 4 delay time 


*DADSL 


*KKL + *KR - 


15 




*KKL + *KR - 


•15 




ns 


DSTB f address/status hold time 


tHDSHA 


*KKL + *KR ~ 


15 




*KKL + *KR ~ 


15 




ns 


BSTS low-level width 


bSDSL 


tcY K (n+1)- 


■10 




tCY K (n+1)- 


-10 




ns 


DSTB high-level width 


*DSDSH 


*KKL + *KR - 


10 




^KL" 1 * *KR ~ 


10 




ns 


CLK 4 -* DSTB f delay for read cycle 


bKDSRD 


5 




40 


5 




40 


ns 


Address/status output -+ data delay time 


bAD 


*KKL + *KR ~ 


15 




tKKL + *KR ~ 


■15 




ns 


DSTB t -* data output delay time 


*DDSHD 


tKKL + *KR " 


15 




*KKL + *KR ~ 


•15 




ns 


Data setup time (CLK 4) 


tSDK 


7 






7 






ns 


Data hold time (CLK 4) 


^KD 


10 






10 






ns 


Data hold time (DSTB f) 


tHDSD 
















ns 


Data hold time (R/W 4) 


tHRWD 
















ns 


B58/BS16 setup time 


tSBSK 


7 






7 






ns 


B58/BS16 hold time 


tHKBS 


15 






15 






ns 


HLDRQ setup time (CLK j) 


fSHQK 


7 






7 






ns 


HLDRQ hold time (CLK t) 


tHKHQ 


15 






15 






ns 


CLK t -* HLDAK delay time 


*DKHA 


5 




40 


5 




40 


ns 


Output float -* HLDAK delay 


*DFHA 


*KKL + *KR ~ 


15 




*KKL + *KR " 


■15 




ns 


NMI, INT, CPBUSY setup time (CLK 4) 


*SIK 


10 






10 






ns 


NMI, INT, CPBUSY setup time (CLK 4) 


tHKI 


10 






10 






ns 



Note: 'n* means number of wait cycles to be inserted into bus cycle 
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Timing Waveforms 
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Basic Write Cycle (1 WAIT) 
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FUNCTIONAL DESCRIPTION 

Architecture 

A unique hardware architecture feature of the pPD70136 
is that there is no microcode. Instruction decode and 
data path control are implemented using logic and small 
independent state machines. This greatly enhances the 
speed with which instructions can be executed, in the 
same way that programs written in assembly language 
can be faster and more efficient than high-level language 
code. The pPD70136 is four times faster than the 
MPD70116. 

The /*PD70136 hardware comprises the execution unit, a 
bus interface, and the address generator. See the 
f*PD70136 Block Diagram. 

Execution Unit 

The mPD70136 execution unit consists of a register file, 
an ALU, instruction decode, and execution control logic. 

Besides the hardware control logic, the most significant 
feature of the execution unit is a dual-bus internal data 
path. See figure 1. The ALU and many registers are 
dual-ported, with a data bus on each port. This allows 
two operands to be transferred in one clock cycle in- 
stead of two. Performance is improved by as much as 30 
percent using the dual data bus concept. 

Figure 1. Dual Data Buses 
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Register File. There are 12 registers in the internal RAM. 
Four are temporary registers used in the execution of 
certain instructions (LC, TA, TB, TC). The other eight are 
general-purpose registers (AW, BW, CW, DW, IX, IY, BP, 
SP) and either contain operand data or point to operand 
data in memory. 

The temporary registers speed up instruction execution 
by serving as scratch pad registers during complex 
operations. 

The loop counter (LC) is used during primitive block 
transfer operations. It contains the count value. It is also 
used as a shift counter for multiple-bit shift and rotate 
instructions. 

Temporary registers TA, TB, and TC are the inputs to the 
ALU. They are used as temporary registers/shifters dur- 
ing multiply, divide, shift/rotate, and BCD rotate opera- 
tions. 

ALU. The ALU consists of a complete adder and logical 
operation unit. It executes arithmetic (ADD, SUB, MUL, 
DIV, INC, DEC, NEG, etc.) and logical (TEST, AND, OR, 
XOR, NOT, SET1, CLR1, etc.) instructions. 

Data Path Control Logic. This logic comprises the main 
instruction decoder and the execution control blocks. Its 
purpose is to decide what operations must be done and 
to schedule them. It transfers operands as needed and 
controls the ALU. State machines are used to implement 
long, complex instructions. 

Bus Interface 

The bus interface comprises bus control logic, an oper- 
and data register (ODR), an 8-byte instruction prefetch 
queue (IPQ), and an effective address generator. 

The bus control state machines implement the 
pPD70136 bus interface. To allow the bus machine to run 
independent of the execution unit, an operand data 
register is used. During a CPU write cycle, the write data 
is placed in the ODR and the execution of the next 
instruction proceeds without waiting. The bus interface 
finishes the write cycle when the bus is available. During 
a read cycle, if the operand requires two bus cycles (as in 
a read from an odd address), the full 16-bit value is 
assembled in the ODR, one byte at a time. 

Instruction Prefetching. The pPD70136 is a pipelined 
machine. To keep the pipeline running efficiently, it 
should be kept full of instructions in various stages of 
execution. Instructions are fetched before they are 
needed and placed in the IPQ. Data in the IPQ is broken 
out by the pre-decoder logic to determine what address- 
ing modes will be used and what CPU resources will be 
required to execute the prefetched instruction. To keep 
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the 8-byte IPQ full, the bus control logic will schedule an 
instruction prefetch cycle whenever there are at least 2 
unused bytes in the IPQ. 

The IPQ is cleared whenever a control transfer instruc- 
tion (any branch, call, return, or break) is executed. This 
is done because a different instruction stream will be 
used following a control transfer, and the IPQ will then 
contain instruction data that will never be used. When 
this happens, the /*PD70136's pipeline will empty out, 
hampering performance. To maximize performance, the 
number of control transfers should be minimized. 

Effective Address Generator. The EAG logic computes 
a 16-bit effective address for each operand, which is an 
offset into one of the four segments. This effective 
address is passed on to the address modifier adder. The 
EAG decodes the first byte(s) of each instruction to 
determine the addressing mode and initiates any bus 
cycles required to fetch pointers/offsets from memory. 
Effective addresses are calculated in a maximum of 1 
clock period, compared to 5 to 12 clocks for a micropro- 
grammed machine. See figure 2. 

Figure 2. Effective Address Generator 
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Address Generator 

The address generator comprises the address register 
file, the address modifier (ADM), the address translation 
table, and the needed control logic. 

The registers in the address register file are PS, SS, DSO, 
DS1, PG, and PFP. The ADM is a dedicated adder that 
adds one of the segment registers to the effective ad- 
dress to produce the 20-bit normal address. The ADM 
also increments the prefetch pointer. If expanded ad- 
dressing is enabled, the address translation table is 
accessed to map the 20-bit address into a 24-bit ex- 
panded address. 

For instruction stream data, addresses are generated 
differently. The prefetch pointer contains a 16-bit offset 
into the PS segment that points to the next instruction 
word to be prefetched. The program counter contains an 
offset into the PS segment that points to the instruction 



that is currently being executed. As part of all control 
transfers, the PFP is set to the same value as the PC. 

ADDRESSING MECHANISM 

The f*PD70136 is completely compatible with the 
/^PD70108/116 in its addressing modes, and in the way 
that addresses are computed. It offers a method of 
expanding the memory address space to 16M bytes. 

The I/O space is 64K bytes (16-bit address). The normal 
memory address space is 1M byte (20-bit address), and 
the expanded address space is 16M bytes (24-bit ad- 
dress). Expanded addressing is enabled or disabled 
using the BRKXA and RETXA instructions. 

The memory space is accessed when an instruction uses 
a memory addressing mode. Memory addresses are 
calculated as described below. The I/O space can only 
be accessed through the IN, OUT, INM, and OUTM 
instruction. 

Certain areas of the /xPD70136 address (physical for 
normal mode, and logical for expanded addressing 
mode) spaces are reserved. These areas are shown in 
figures 3 and 4. Memory addresses 0-3FCH are used for 
the Interrupt Vector table located in the Interrupt Oper- 
ation section. Memory addresses FFFFOH-FFFFFH 
must contain a branch to boot code; PC, PFP, and PS are 
initialized at RESET to point to this area. I/O addresses 
FF00H-FF80H are reserved for the address translation 
registers. 



Figure 3. I/O Address Space 
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I/O Addresses 

I/O addresses are always taken from 8-bit immediate 
data or the DW register. DW is always used as a direct 
pointer into the I/O address space. If I/O operations 
require the use of other more complex addressing 
modes, the I/O devices must be placed in the memory 
address space (using memory-mapped I/O techniques). 
For memory-mapped I/O devices, there are no restric- 
tions on instruction or addressing mode usage. However, 



19 



fiPD70136 (V33) 



NEC 



the *iPD70136 will not automatically insert 6 clock cycles 
after memory-mapped I/O operations; external logic 
must provide the needed I/O device recovery time. 



Figures. 20-Bit Address 



Figure 4. 
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Normal Memory Addresses 

The /*PD70136 is a 16-bit device with 16-bit registers. To 
allow a memory address space larger than 64K bytes, 
memory segmentation is used. The 1M-byte memory 
address space is divided into 64K byte segments. Up to 
four segments can be in use at any given time. The base 
addresses of the four active segments (program seg- 
ment, stack segment, data segment 0, and data segment 
1) are contained in four 16-bit segment registers (PS, SS, 
DSO, and DS1, respectively). The 16-bit value in each 
register is the upper 16 bits of the 20-bit memory ad- 
dress. Thus, segments always start on 16-byte bound- 
aries. 

As described above, the pPD70136 hardware generates 
a 16-bit effective address for each memory operation. 
This effective address is an offset into one of the four 
active segments. The actual 20-bit memory address is 
computed by adding the EA to the segment register 
value expanded with zeros to 20 bits. Figure 5 shows this 
process. 
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Normal Mode Physical Address 

or 
Expanded Mode Logical Address 



If normal addressing mode is enabled, then this 20-bit 
result is presented on the address bus during the bus 
cycle. If expanded addressing mode is enabled, this 
address is used as a logical address. 

Expanded Addresses 

In the expanded addressing mode, the memory space is 
divided into 1024 pages. Each page is 16K bytes. Each 
page of the normal 20-bit address space is mapped to a 
page in the expanded address space using a 64-entry 
address translation table. The table is made up of 64 
page registers that reside in the I/O space (figure 4). 

The programming model of this mode is the same as for 
the normal mode. Address expansion is a layer added to 
the normal mode that is transparent to executing code. 
The program still sees a 20-bit contiguous logical mem- 
ory address space, but the hardware sees 64 pages 
mapped into a set of 1024 physical pages. 

The I/O space is not affected by the expanded address- 
ing mode. 

The address translation mechanism is shown in figure 6. 
The upper 6 bits of the logical 20-bit address select one 
of the entries in the address translation table, which 
supplies a 10-bit value. This value is substituted for the 
original 6 bits in the normal address to create a 24-bit 
expanded address. 
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Figure 6. Address Translation Mechanism 
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Address Expansion Registers 

These are the page and XAM registers. Word IN and OUT 
instructions are used to access these registers. The table 
below shows page register usage and I/O addresses. The 
page registers contain the 10-bit physical page base 
address. 



Aig-A 14 
Logical Address 

1 
2 
3 

63 



PGR Selected 
PGR1 
PGR2 
PGR3 
PGR4 

PGR64 



PGR I/O Address 
FFOO 
FF02 
FF04 
FF06 

•FF7E 



The XAM register (figure 7) is a read-only status flag that 
indicates whether expanded addressing is enabled. Un- 
used data bits in the XAM register are undefined. Ex- 
panded addressing must be disabled before accessing 
any of the page registers. I/O operations to these internal 
registers are not passed to the bus interface and will not 
be seen by external logic. 

Figure 7. XAM Register 
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Memory Protection Mechanism 

The /*PD701 36 expanded mode provides a harware mem- 
ory protection mechanism (figure 8) that does not sac- 
rifice software compatibility with existing pPD8088/8086 
or V20/V30/V40/V50 programs. In expanded mode, the 
XAM and PGR registers cannot be accessed. This pro- 
vides simple two-level protection. 

A supervisory system task running in normal mode can 
set up restricted memory spaces for less privileged user 
tasks by programming the PGR registers and then start- 
ing up the user task in expanded mode. The user task will 
not be able to change its memory map to access 
privileged memory areas. External access control logic 
can monitor the AEX output to determine at which 
privilege level the CPU is currently running (AEX = is 
supervisor mode, AEX = 1 is user mode) and permit or 
prevent each bus cycle, thereby providing additional 
memory and I/O protection. This scheme provides the 
basic hardware protection needed for most operating 
systems without forgoing full software compatibility. 

Figure 8. Expanded Mode Protection Mechanism 
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OPERAND ADDRESSING MODES 

For operand addressing, the /&PD70136 offers 9 modes: 

• Register • Based 

• Immediate • Based index 

• Direct • Bit 

• Register indirect • Autoincrement/autodecrement 

• Indexed 

Register 

The operand is in a pPD70136 register pointed to by the 
instruction. 

Immediate 

The operand is in the instruction stream following the 
opcode of the instruction. This data will have been 
prefetched. Immediate data uses the pPD70136 pipeline 
efficiently. 
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Direct 

Immediate data in the instruction stream points directly 
to the operand. This data can be a 16-bit effective 
address or a 4-bit bit field length. 

Register Indirect 

A 16-bit register (IX, IY, or BW) contains a 16-bit effective 
address. 

Indexed 

One or two bytes of immediate data are treated as a 
signed displacement that is added to the contents of a 
16-bit index register (IX or IY) to obtain a 16-bit effective 
address. 

Based 

One or two bytes of immediate data are treated as a 
signed displacement that is added to the contents of a 
16-bit base register (BP or BW) to form a 16-bit effective 
address. 

Based Indexed 

One or two bytes of immediate data are treated as a 
signed displacement that is added to two 16-bit registers 
(one of BP or BW with one of IX or IY) to form the 
effective address. This mode is useful for array address- 
ing. 

Bit 

Used with NOT1, SET1, CLR1, orTESTL A 4-bit immedi- 
ate data value is used to select a bit in a 16-bit operand. 
For 8-bit operands, only 3 bits are used. 

Autoincrement/Autodecrement 

Some interactive operations (such as MOVBKor INS) will 
automatically increment or decrement index registers 
after each iteration. Specifically, IX is used in addressing 
a source pointer, and/or IY is used in addressing a 
destination pointer. After the operation, both will be 
incremented or decremented (according to the PSW DIR 
control flag) to point to the next operand in the array. 

INSTRUCTION ADDRESSING MODES 

These modes are basically the same as the operand 
addressing modes, but the PC is always used as the 
register. The seven modes are used in control transfer 
instructions: 

• Direct 



• Relative 

• Register 

• Register indirect 

• Indexed 

• Based 

• Based indexed 

Direct 

Four bytes of immediate data are taken as an absolute 
address and loaded directly into the PS and PC (and 
PFP). 

Relative 

One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of the PC and 
then placed in the PC (and PFP). This mode is used to 
create position-independent code. 

Register 

The register selected by the instruction (AW BW etc.) 
contains an effective address, which is loaded into the 
PC (and PFP). 

Register Indirect 

An index register (IX, IY, or BW) points to a memory 
location that contains an effective address (short 
pointer) or a segment register value and an effective 
address (far pointer). This effective address is read from 
memory and loaded into the PS and/or PC (and PFP). 

Indexed 

One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of a 16-bit index 
register (IX or IY) to form an effective address. This 
address is used to fetch another effective address, which 
is loaded into the PC (and PFP). 

Based 

One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of a 16-bit base 
register (BP or BW) to form an effective address. This 
address is used to fetch another effective address from 
memory, which is then loaded into the PC (and PFP). 

Based Indexed 

One or two bytes of immediate data are a signed dis- 
placement that is added to the contents of two 16-bit 
register (one of BP or BW with one of IX or IY) to form an 
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effective address. This address is used to fetch another 
effective address from memory, which is then loaded into 
the PC (and PFP). 

REGISTER CONFIGURATION 

Program Counter (PC) 

The PC is a 16-bit register that contains the effective 
address of the instruction that is currently being exe- 
cuted. The PC is incremented each time the instruction 
decoder accepts a new instruction from the prefetch 
queue. The PC is loaded with a new value during execu- 
tion of a branch, call, return, or break instruction and 
during interrupt processing. 

Segment Registers (PS, SS, DSO, DS1) 

There are four segment registers, each of which contains 
the upper 16 bits of the base address of a 64K logical 
segment. Since logical segments reside on 16-byte 
boundaries, the lower 4 bits of the base address are 
always 0. Normal 20-bit memory addresses are formed 
by adding the 16-bit effective address to the base ad- 
dress of one of the segments. When performing this 
operation, certain types of effective addresses will be 
paired with specific segment registers. 



Segment Register 
PS (program segment) 
SS (stack segment) 
DSO (data segment 0) 
DS1 (data segment 1 ) 



Default Offset 

PFP 

SP, effective address 

IX, effective address 

IY 



Program instructions will always be fetched from the 
program segment. Whenever the IY index register is used 
to address an operand, the DS1 segment register will be 
used. DSO is usually used with IX. Stack operations 
using the SP will always use the stack segment. For 
other effective addresses, the preceding table shows the 
default segment used, but another segment may be 
selected by using a segment override prefix instruction. 

General-Purpose Registers (AW, BW, CW, DW) 

The four 16-bit general-purpose registers can be ac- 
cessed as 16-bit or 8-bit quantities. When the AW BW 
CW, or DW designations are used, the register will be 16 
bits. When AL, AH, BL, BH, CL, CH, DL, or DH is used, 
the register will be 8 bits. AL will be the low byte of AW 
and AH the high byte, and so on. 

Some operations require the use of specific registers: 

AW Word multiplication/division, word I/O, data 
conversion 



AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Shift instructions, rotation instructions, BCD 
operations 

DW Word multiplication/division, indirect addressing 
I/O 



Pointer (SP, BP) and Index (IX, IY) Registers 

These registers are used as base pointers and index 
registers when based, indexed, or based-indexed ad- 
dressing modes are used. They may also be used as 
general-purpose registers in data transfer, arithmetic, 
and logical instructions. They can only be accessed as 
16-bit registers. 

Some operations use these registers in specific ways: 

SP Stack operations 

IX Source pointer for block transfer, bit field, and 

BCD string operations 
IY Destination pointer for block transfer, bit field, 

and BCD string operations 

Program Status Word (PSW) 

The program status word reflects the status of the CPU 
with six status flags, and affects the operation of the 
CPU through three control flags: 



Control Flags 
DIR Direction 
IE Interrupt enable 
BRK Break 



Status Flaos 

V Overflow 

S Sign 

Z Zero 

AC Auxiliary carry 

P Parity 

CY Carry 

The PSW cannot be accessed directly as a 16-bit register. 
Specific instructions are used to set/reset the control 
flags. When the PSW is pushed on the stack (as during 
interrupt processing), the following image is used. 
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BUS OPERATION OVERVIEW 

The pPD70l36 uses a synchronous bus interface. The 
CLK input supplies the *tPD70136 with a clock. All 
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/xPD70136 bus timings and instruction execution clock 
counts are specified relative to this clock. Bus cycles 
start on the falling edge of CLK. Each bus cycle is two 
clock periods long, and may be extended by adding wait 
states. 

Figure 9 is the state diagram of the bus control state 
machine. The first st ate of eve ry bus cycle is T1 , followed 
immediately by T2. R EADY is sampled on the rising 
(middle) edge of T2. If READY is not asserted, then the 
next bus sta te will be a TW wait state. TWs will be 
inserted until READY is sampled low, after which th e bus 
cycle will finish. The dynamic bus sizing in put, BS8/ 
BS16, is sampled at the same time as READY 

Figure 9. Bus State Diagram 



READY = 1 




READY = 



Ti Idle state 

T1 Start bu s cycle 

T2 Sample READY , DATA 

TW Wait for READY = 

TH Bus hold state; release bus to external master 

BUSRQ = 1 when a read or write bus cycle is requested. 



Address and bus status are output after the leading edge 
of T1 and are maintain ed until after the cycle is com- 
pleted. A strobe, BCYST, is as serted d uring T1 to indicate 
the beginning of a bus cycle. BCYST is output following 
the leading edge of T1 and is deasserted after the leading 
edge of T2. 

Write data is driven on Dq-D-is following the rising (mid- 
dle) edge of T1 and is maintained until after the rising 



edge of the cycle following T2 or the last TW. The read 
data is sampled on the trailing edge of T2 or the last TW 
state. A s trobe ( DSTB) gives the status of the mPD70136 
data b us. DS TB is asserted after the rising edge (middle) 
of T1. DSTB is deasserted after the rising edge of T2 or 
the last TW for a write cycle, and afterthe trailing edge of 
T2 or the last TW for a read cycle. 

I/O cycles are identical to memory cycles except for the 
encoding of the bus status lines. However, six idle states 
are inserted after every I/O bus cycle to provide a 
recovery time for slow I/O devices. 

Dynamic Bus Sizing 

The juPD70136 supports dynamic bus sizing. On a cycle 
by cycle basis, the width of the data bus can be changed 
from 16 to 8 bits. This simplifies the connection of 8-bit 
I/O devices that may have internal registers at consec- 
utive byte addresses. Other 16-bit CPUs require two 
ROMs for startup code, but the /*PD70136 dynamic bus 
sizing makes it possible to use a single 8-bit wide ROM. 

Exte rnal logic requests an 8-bit data path by driving 
BS8/BS16 low in time for the /aPD70136 to sample it on 
the rising edge of T2 (orTW). The jtPD70136 will perform 
an additional bus cycle if needed to finish the operation 
in byte-wide pieces. 

Referring to tables 5 and 6, if the bus operation is 8 bits 
wide, no further bus cycles will occur. For a read cycle, 
the data will be sampled on D0-D7. For a write cycle to an 
even address, data will be driven on D0-D7. On all byte 
writes to an odd address, the /*PD70136 will put the byte 
data on both upper and lower data buses; the write data 
will be on D0-D7 as well as D8-D15. 

If the bus operation is 16-bit, then two bus cycles will be 
required. The first one, in which BS8/BS16 is sampled 
low, will handle the low byte. The second cycle will take 
the form of a byte read or write using D0-D7. 

Bus Cycle Types 

The 11 different types of mPD70136 bus cycles are 
classified as read, write, and acknowledge cycles. 

Read Cycles 

The read cycles are memory, I/O, coprocessor, data 
reads, and instruction fetch. All have the general timing 
described above. Coprocessor reads are used to access 
the internal registers of a coprocessor. Coprocessor data 
reads are used to transfer data from memory to an 
internal coprocessor register. 
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Tables. 


Write Cycle Bus Sizing 












Address 


Ao 


UBE 


Cycle 


16-Bit Bus (I58/BS16 = 1) 


8-Blt Bus 


(ES8/BS16 = 0) 


Type 


D 15 -D 8 Dy-Do 


Dl5-D 8 


D7-D0 


Byte 


Even 





1 


1st 


Invalid Byte 


Invalid 


Byte 




Odd 


1 





1st 


Byte Byte 


Byte 


Byte 


Word 


Even 





1 


1st 


Upper Lower 


Upper 


Lower 




1 





2nd 


Not needed for 16-bit bus 


Upper 


Upper 




Odd 


1 





1st 


Lower Lower 


Lower 


Lower 







1 


2nd 


Upper Upper 


Invalid 


Upper 


Tables. 


Read Cycle Bus Sizing 












Address 


Ao 


Ube 


Cycle 


16-Blt Bus (ES8/BS16 = 1) 


8-Blt Bus 


(BS8/BS16 = 0) 


Type 


D 15 -D B D7-D0 


D15-D8 


D7-D0 


Byte 


Even 





1 


1st 


Not used Byte 


Not used 


Byte 




Odd 


1 





1st 


Byte Not used 


Not used 


Byte 


Ward 


Even 





1 


1st 


Upper Lower 


Not used 


Lower 




1 





2nd 


Not needed for 16-bit bus 


Not used 


Upper 




Odd 


1 





1st 


Lower Lower 


Not used 


Lower 







1 


2nd 


Not used Upper 


Not used 


Upper 



I/O and memory reads are used to transfer data to the 
jtPD70l36 from an I/O device or a memory location, 
respectively. Instruction fetches are used to fill the 
pPD70136's 8-byte instruction queue from the memory 
space. 

Write Cycles 

There are four types of write cycles. Memory writes 
transfer data from the pPD70136 to a memory location. 
I/O writes transfer data from the jiPD70136 to an I/O 
device. Coprocessor data writes transfer data from the 
coprocessor to a memory location. Coprocessor writes 
transfer data from the /nPD70l36 directly to a coproces- 
sor internal register. 

Interrupt Acknowledge Cycle 

The interrupt acknowledge operation takes two consec- 
utive INTAK bus cycles. The first cycle is used to freeze 
the state of an external interrupt controller, such as the 
/xPD71059. The second INTAK bus cycle reads an 8-bit 
vector number on Dq-D 7 supplied by the /xPD71059. This 
vector number is used to index into the interrupt vector 
table to select an interrupt handler. 

Halt Acknowledge Cycle 

When a HALT instruction is executed, a halt acknowl- 
edge cycle is issued to notify external logic that the 



^PD70136 is enteri ng stan dby mode. This c ycle is always 
two clocks long; READY is ignored and DSTB is not 
asserted. 

Hold Request and Hold Acknowledge 

At times, an external bus master will need to use the 
MPD70136 bus. When the HLDRQ input is asserted by 
external logic, the /xPD70136 recognizes this as a re- 
quest for external bus mastership. The pPD70136 will 
finish the current bus operation, stop driving its address, 
data, and control buses, and assert HLDAK. The external 
device, such as the /iPD71071 or /tPD71037 DMA control- 
ler, may then drive the juPD70136 bus. Note that if the 
current bus operation involves more than one bus cycle, 
such as a 16-bit access to an odd address or due to 
dynamic bus sizing, the jiPD70136 will finish both cycles 
before releasing the bus. 



If the current instruction uses the BUSLOCK prefix, 
HLDRQ w ill be ignored. This will be indicated by the 
BUSLOCK output. Also, during interrupt acknowledge, 
BUSLOCK is asserted between the two INTAK cycles so 
that HLDRQ is ignored until after the second INTAK 

SYSTEM INTERFACING 
System Memory Access Time 

Table 7 shows the system memory access time required 
for 12.5-MHz and 16-MHz /*PD701 36 systems to run with 
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zero, one, two, and three wait states. This is the time 
from when the address bus is valid to when the external 
system must present the read data on the data bus. 
These numbers are based on the preliminary ac timing 
given in this document and are subject to change. 

Table 7. Performance vs. Wait States 







12.5 MHz 






16 MHz 




Number 
of Walt 
States 


Memory System 
Cycle Access 
Time Time 
(ns) (ns) 


Relative 
Perfor- 
mance 
(%) 


Memory System 
Cycle Access 
Time Time 
(ns) (ns) 


Relative 
Perfor- 
mance 
(%) 





160 


113 


78 


125 


78 


100 


1 


240 


193 


64 


187.5 


140.5 


82 


2 


320 


273 


52 


250 


203 


67 


3 


400 


353 


43 


312.5 


265.5 


56 



Note: Performance is relative to the wait state, 16 MHz. 

Wait States 

Table 7 also shows the effect of wait states on perfor- 
mance. The jiPD70136 overlaps bus interface operations 
in time with instruction execution. This greatly reduces 
the effect of wait states on performance. Each bus cycle 
is nominally two clocks long, while the minimum instruc- 
tion time is two clocks, with many instructions taking 
longer. There is some idle bus time when the CPU is 
processing a long instruction and the prefetch queue is 
full. Wait states can often fill these idle states. 

However, adding wait states to bus cycles reduces the 
bus bandwidth available for other bus masters, such as 
DMA controllers, since some of the idle time that would 
have been available to them is used for CPU cycles. 

Note that in all cases, a 16-MHz jkPD70136 with N + 1 
wait states is faster than a 12.5-MHz device with N wait 
states while using slower memories. 

Please note also that these numbers were measured 
using a particular set of benchmarks and should be used 
for comparison purposes only. Different results will be 
obtained for other program mixes. 

Interfacing to the pPD72291 Floating-Point 
Coprocessor 

The fiPD72291 (AFPP) is a very-high-performance 
floating-point coprocessor for the jiPD70136 offering in 
excess of 530K floating-point operations per second at 
16 MHz. The AFPP is programmed as an extension of the 
MPD70136 instruction set. The AFPP executes floating- 
point operations, computes transcendental functions, 
and performs vector multiplications. 



AFPP instructions use the FP01 and FP02 formats. When 
one of these opcodes is encountered and an AFPP is 
connected, a coprocessor protocol routine is entered. 
The /*PD70136 will compute any effective addresses 
required, read or write the operands for the AFPP, and 
instruct the AFPP as to what operation should be per- 
formed. The AFPP reponds by asserting its BUSY output 
when it starts the operation. The pPD70136 will not start 
another AFFP operation until BUSY is deasserted, but 
may execute CPU instructions. When BUSY is deas- 
serted, the jkPD701 36 will transfer the AFPP status to the 
AW register. 

Figure 10 shows how to connect a /xPD70136 CPU to a 
jkPD72291 AFPP. Figure 11 shows a typical system. The 
CPU reads and writes status and commands to the AFPP 
using coprocessor read and write cycles, which always 
take two clocks. AFPP operands are written/read using 
coprocessor memory write/rea d cycles , which always 
require one wait state. External READY logic must take 
care to include this wait state. 

Figure 10. Connections Between /iPD70136 and 
fiPD72291 
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On RESET, CPBUSY is sampled. If it is low, the mPD70136 CPBUSY 

assumes that a coprocessor is connected. CPERR is 1 

also sampled to determine what kind of coprocessor is 

connected, as follows. ° 



CPERR 

X 

GND 

Vdd 



Coprocessor 
None 
/tPD72291 
Other 



AFPP memory operands must always begin on even 
addresses and may not reside in 8-bit wide memory. 
Dynamic bus sizing may not be used for AFPP operands. 



Figure 11. Typical /iPD701 36 System 
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INTERRUPT OPERATION 

The interrupts supported by the *iPD70136 can be di- 
vided into two types: interrupts generated by external 
interrupt requests and traps generated by software pro- 
cessing. They are: 

External Interrupts 

• NMI input (nonmaskable) 

• INT input (maskable) 

Software Traps 

• Divide error during DIV or DIVU instruction 

• Array bound error during CHKIND 

• Single-step (PSWBRK flag =1) 

• Undefined instruction 

• Coprocessor error 

• Coprocessor not connected 

• Break instructions 
BRKV BRKimm8 
BRK3 BRKXA 

Interrupt Priorities 

Interrupts are prioritized as follows: 

NMI > INT > BRK flag > others at same level 

Interrupts are not accepted during certain times. NMI, 
INT and BRK flags are not accepted in these cases: 

(1) Between execution of MOV or POP that uses a 
segment register as an operand and the next in- 
struction. 

(2) Between a segment override prefix and the next 
instruction 



INT is not accepted when the PSW IE flag is 0, or 
between an RETI or POP PSW and the next instruction. 
Figure 12 is a flow diagram for processing interrupt 
requests. 

Interrupt Vectors 

Once an interrupt has been accepted, an interrupt ser- 
vice routine will be entered. The address of this routine is 
specified by an interrupt vector, which is stored in the 
interrupt vector table. For most interrupts, the vector 
used depends on what interrupt is being processed (e.g., 
NMI always uses vector 2). For INT and BRK imm8 
interrupts, any vector may be used; the vector number is 
supplied by an external device in the case of INT (e.g., a 
pPD71059), or by immediate data in the case of BRK. 

Figure 13 is the interrupt vector table. The table uses 1K 
bytes of memory— addresses 000H to 3FFH— and stores 
up to 256 vectors (4 bytes per vector). 



(3) Between a repeat or BUSLOCK prefix and the next 
instruction 
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Figure 12. Interrupt Prioritization Flow Diagram 
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INT procedure 



Pop PC, PS, PSW 
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Clear IE, BRK 




BRK procedure 



Pop PC, PS, PSW 




Push PC, PS, PSW 
Clear IE, BRK 




Internal INT 
procedure 



Pop PC, PS, PSW 
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Each interrupt vector consists of 4 bytes. The 2 bytes in 
the low addresses of memory are loaded into PC as the 
offset, and the 2 high bytes are loaded into PS as the 
base address. Interrupt vector in figure 14 is an exam- 
ple. The bytes are combined in reverse order. The lower- 
order bytes in the vector become the most significant 
bytes in the PC and PS, and the higher-order bytes 
become the least significant. 

Based on this format, the contents of each vector should 
be initialized at the beginning of the program. The basic 
mechanism for servicing an interrupt is: 

(SP-1,SP-2)«-PSW 
(SP - 3, SP - 4) .*- PS 
(SP - 5, SP - 6 ) «- PC 
SP - SP - 6 
IE«-Q, BRK«-0 
PS «- vector high bytes 
PC «- vector low bytes 



Figure 14. Interrupt Vector 



Figure 13. 


Interrupt Vector Table 














000H 
004H 
008H 
OOCH 
010H 
01 4H 
01 8H 

t 

07CH 
080H 

1E8H 

200H 
204H 
208H 

5: 

3FCH 


Vector 


Divide Error 
Break Flag 
NMI Input 
BRK 3 Instruction 
BRKV Instruction 
CHKIND Instruction 


- Dedicated 


Vector 1 


Vector 2 


Vector 3 


Vector 4 


Vector 5 


Vector 6 


^ - Reserved 

General Use 

- • BRK Imm8 Instruction 
* • INT Input [External] 

Undefined Instruction Trap 

General Use 
^ - • BRK Imm8 Instruction 
J • INT Input [External] 
HPD72291 AFPP Error 
Other Coprocessor Error 
Coprocessor Does Not Exist 

^ General Use 

- • BRK Imm8 Instruction 
• INT Input [External] 


> * 


Vector 31 


Vector 32 


* * 


Vector 122 


% * 


Vector 128 


Vector 129 


Vector 130 


* * 


Vector 255 












49NR-332A 





Vector 
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001H i 


000H 


003H l 


002H 




PC<- [001H.000H] 
PS<- [003H.002H] 





During interrupt servicing, the third item pushed on the 
stack is the return PC value. For some types of traps 
(divide error, CHKIND, illegal opcode, AFPP error, co- 
procesor not present, or other CP error), this value points 
to the instruction that generated the trap. For the other 
interrupts (single-step, BRK3, BRKV, NMI, or INT), this 
value points to the next instruction. Trap handlers for 
error traps can thus easily find the offending opcode, 
and other handlers can simply return after processing 
the interrupt. 

STANDBY FUNCTION 

The nPD70136 offers two standby modes to reduce 
power consumption: HALT and STOP. Both are entered 
after executing a HALT instruction. 

HALT Standby Mode 

In the HALT standby mode, the internal clock is supplied 
only to those circuits related to functions required to exit 
this mode and bus hold control functions. As a result, 
power consumption is reduced to one-fifth the level of 
normal operation. 

The HALT standby mod e is exited when RESET or an 
external interrupt (NMI, INT) is received. If INT is used 
and interrupts were enabled before the HALT state was 
entered, an INTAK cycle will be performed to fetch a 
vector number. The interrupt service routine will be 
executed. After RETI, execution will resume with the 
instruction following the HALT. If interrupts were dis- 
abled, the interrupt service routine will not be entered, 
but execution will resume with the instruction following 
the HALT. 

If NMI is used to exit the HALT standby mode, the NMI 
service routine will always be entered. 

The bus hold (HLDRQ/HLDAK) function still operates 
during HALT standby mode. The CPU returns to HALT 
standby mode when the bus hold request is removed. 

During HALT standby mode, when all control outputs go 
low, the address and data buses will be either high or 
low. Refer to table 1 for information about the states of 
other outputs in the standby mode. 
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STOP Standby Mode 

In the STOP standby mode, the jaPD70136 clock is 
stopped for maximum power reduction. To enter this 
mode, special steps must be taken to prepare the 
fiPD70136 for having its clock stopped. 

INT, NMI and HLDRQ must not be asserted while the 
nPD70136 is in STOP mode, or for at least 10 clock 
periods before STOP is entered, or for at least 10 clock 
periods after STOP mode is exited. External hardware 
must ensure that these intputs are not asserted during 
this time. 

STOP mode is entered by disabling NMI, INT, and 
HLDRQ, entering the HALT standby mode, and stopping 
the clock input 10 clock periods after the HALT acknowl- 
edge but cycle is issued. The CLK input must be stopped 
during the low phase of the clock. STOP mode is exited 
when external logic st arts the clock, waits 10 clock 
periods, and enable NMI, INT, and HLDRQ; the 
jtPD70136 will return to the HALT standby mode. 

All output pins in STOP mode are in the same state as in 
HALT standby mode. Refer to table 1. 

INSTRUCTION SET HIGHLIGHTS 

Enhanced Instructions 

In addition to the pPD8088/86 instructions, the 
pPD70136 has enhanced instructions listed in table 8. 



Table 8. 


Enhanced Instruction 


Instruction 


Function 


PUSH imm 


Pushes Immediate data onto stack 


PUSHR 


Pushes 8 general registers onto stack 


POPR 


Pops 8 general registers onto stack 


MULL imm 


Executes 16-bit multiply of register or memory 
contents by immediate data 



SHLimm8 
SHR imm8 
SHRA imm8 
ROL Imm8 
ROR Imm8 
ROLC imm8 
RORC imm8 



Shifts/rotates register or memory by immediate 
value 



CHKIND 



Checks array index against designated 
boundaries 



INM 



Moves a string from an I/O port to memory 



OUTM 



Moves a string from memory to an I/O port 



PREPARE Allocates an area for a stack frame and copies 

previous frame pointers 



Enhanced Stack Operation Instructions 

PUSH imm. This instruction allows immediate data to 
be pushed onto the stack. 

PUSH R; POP R. These instructions allow the contents 
of the eight general registers to be pushed onto or 
popped from the stack with a single instruction. 

Enhanced Multiplication Instructions 

MUL regie, imm16; MUL mem16, imm16. These in- 
structions allow the contents of a register or memory 
location to be multiplied by immediate data. 

Enhanced Shift and Rotate Instructions 

SHL reg, imm8; SHR reg, imm8; SHRA reg, imm8. 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, imm8; ROR reg imm8; ROLC reg, imm8; 
RORC reg, imm8. These instructions allow the contents 
of a register to be rotated by the number of bits defined 
by the immediate data. 

Check Array Boundary Instruction 

CHKIND reg16, mem32. This instruction is used to 
verify that index values pointing to the elements of an 
array data structure are within the defined range. See 
figure 15. The lower limit of the array should be in 
memory location mem32, the upper limit in mem32 +2. if 
the index value in reg16 is not between these limits when 
CHKIND is executed, a BRK 5 will occur. This causes a 
jump to the location in interrupt vector 5. 

Figure 15. Check Array Boundary 
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mem32 + 2 (Upper Limit) 



mem32 (Lower Limit) 



Block I/O Instruction 

OUTM DW, src-block; INM dist-block, DW. These in- 
structions are used to output or input a string to or from 
memory, when preceded by a repeat prefix. 



DISPOSE 



Frees the current stack frame on a procedure exit 
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Stack Frame Instruction 

PREPARE imm16,imm8. This instruction is used to 
generate the stack frames required by block-structured 
languages, such as PASCAL and Ada. The stack frame 
consists of two areas. One area has a pointer that points 
to another frame which has variables that the current 
frame can access. The other is a local variable area for 
the current procedure. 

DISPOSE. This instruction releases that last stack frame 
generated by the PREPARE instruction. It returns the 
stack and base pointers to the values they had before 
the PREPARE instruction was used to call a procedure. 

Unique Instructions 

In addition to the /*PD8088/86 instructions and the en- 
hanced instructions, the pPD70136 has the unique in- 
structions listed in table 9. 



Table 9. 


Unique Instructions 


Instruction 


Function 


INS 


Insert bit field 


EXT 


Extract bit field 


ADD4S 


Adds packed decimal strings 


SUB4S 


Subtracts one packed decimal string from 
another 


CMP4S 


Compares two packed decimal strings 


ROL4 


Rotates one BCD digit left through AL lower 4 bits 


ROR4 


Rotates one BCD digit right through AL lower 4 bits 


BRKXA 


Break and enable expanded addressing 


RETXA 


Return from break and disable expanded 
addressing 


TEST1 


Tests a specified bit and sets/resets Z flag 


NOT1 


Inverts a specified bit 


CLR1 


Clears a specified bit 


SET1 


Sets a specified bit 


REPC 


Repeats next instruction until CYflag is cleared 


REPNC 


Repeats next instruction until CY flag is set 


FP02 


Additional floating-point processor call 



Variable Length Bit Field Operation Instructions 

This category has two instructions: INS (Insert Bit Field) 
and EXT (Extract Bit Field). These instructions are 
highly effective for computer graphics and high-level 
languages. They can, for example, be used for data 
structures such as packed arrays and record type data 
used in PASCAL. 



INS reg8, reg8; INS reg8, imm4. This instruction trans- 
fers low bits from the 16-bit AW register (the number of 
bits is specified by the second operand) to the memory 
location specified by the segment base (DS1 register) 
plus the byte offset (IY register). The starting bit position 
within this byte is specified as an offset by the lower 4 
bits of the first operand. See figure 16. 

After each complete data transfer, the IY register and the 
register specified by the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16 bits, only the 
lower 4 bits of the specified register (00H to OFH) will be 
valid. 

Bit field data may overlap the byte boundary of memory. 
Figure 16. Bit Field Insertion 
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EXT reg8, reg8; EXT reg8, Imm4. This instruction 
loads to the AW registers the bit field data whose bit 
length is specified by the second operand of the instruc- 
tion from the memory location that is specified by the 
DSO segment register (segment base), the IX index 
register (byte offset), and the lower 4 bits of the first 
operand (bit offset). See figure 17. 

After the transfer is complete, the IX register and the 
lower 4 bits of the first operand are automatically up- 
dated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum transfer- 
able bit length is 16 bits, however, only the lower 4 bits of 
the specified register (00H to OFH) will be valid. 

Bit field data may overlap the byte boundary of memory. 
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Figure 17. Bit Field Extraction 
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Packed BCD Operation Instructions 

The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or byte- 
format operands (R0R4, R0L4). Packed BCD strings 
may be from 1 to 254 digits in length. 

When the number of digits is even, the zero (Z) and carry 
(CY) flags will be set according to the result of the 
operation. When the number of digits is odd, the Z and 
CY flags may not be set correctly. In this case (CL = 
odd), the Z flag will not be set unless the upper 4 bits of 
the highest byte are all Os. The CY flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 

ADD4S. This instruction adds the packed BCD string 
addressed by the IX index register to the packed BCD 
string addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the V (overflow), CY, and Z flags . 

BCD string (IY, CL) «- BCD string (IY, CL) + BCD string 
(IX, CL) 

SUB4S. This instruction subtracts the packed BCD 
string addressed by the IX index register from the 
packed BCD string addressed by the IY register, and 
stores the result in the string addressed by the IY 
register. The length of the string (number of BCD digits) 
is specified by the CL register, and the result of the 
operation will affect the V, CY and Z flags. 

BCD string (IY, CL) — BCD string (IY, CL) - BCD string 
(IX, CL) 

CMP4S. This instruction performs the same operation 
as SUB4S except that the result is not stored and only 
the V, CY, and Z flags are affected. 

BCD string (IY, CL) - BCD string (IX, CL) 

ROL4. This instruction treats the byte data of the regis- 
ter or memory operand specified by the instruction as 



BCD data and uses the lower 4 bits of the AL register 
(ALJ to rotate that data one BCD digit to the left. See 
figure 18. 

Figure 18. BCD Rotate Left 
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ROR4. This instruction treats the byte data of the regis- 
ter or memory specified by the instruction as BCD data 
and uses the lower 4 bits of the AL register (ALl) to rotate 
that data one BCD digit to the right. See figure 19. 

Figure 19. BCD Rotate Right 
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Bit Manipulation Instructions 

TEST1 . This instruction tests a specific bit in a register 
or memory location. If the bit is 1 , the Z flag is reset to 0. 
If the bit is 0, the Z flag is set to 1. 

NOT1 . This instruction inverts a specific bit in a register 
or memory location. 

CLR1. This instruction clears a specific bit in a register 
or memory location. 

SET1. This instruction sets a specific bit in a register or 
memory location. 

Repeat Prefix Instructions 

REPC. This instruction causes the /&PD70136 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes cleared or the CW register be- 
comes zero. 

REPNC. This instruction causes the ^PD70136 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes set or the CW register becomes 
zero. 

Address Expansion Control Instructions 

BRKXA imm8. This instruction is used to turn on ex- 
panded addressing. The 8-bit immediate data specifies 
an interrupt vector. The PC field of this vector is loaded 
into the PC (and PFP). The XA flag in the XAM register is 
set to 1, thereby enabling the expanded addressing 
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mode. The jtPD70136 will begin fetching from the new 
PFP through the address translation table. That is, the 
new PC is treated as a logical address and is translated 
to the new, larger physical address space. 

This instruction does not save any return address infor- 
mation, such as PC, PS, or PSW to the stack. 

RETXA imm8. This instruction is used to turn off ex- 
panded addressing. It is identical in operation to BRKXA, 
except that the expanded addressing mode is turned off 
before fetching from the new address. That is, the XA flag 
in the XAM register is set to 0, and the PC is loaded with 
the value of the PC field in the interrupt vector selected 
by the immediate data. 

This instruction does not save any return address infor- 
mation such as PC, PS, or PSW to the stack. 

Porting /tPD701 16/701 08 Code to *iPD70136 

The /»PD70136 is completely software compatible with 
the jiPD701 16/70108. However, the j*PD70136 offers 
some improvements that may affect the porting of 
jkPD70116 code to the jxPD70136. These improvements 
are: 

(1) The jiPD70116 does not trap on undefined opcodes. 
The mPD70136 will trap, and also will trap when a 
register addressing mode is used for any of these 
instructions: 



CHKIND 
MOV DS0/DS1 
CALL 1,id 



LDEA 
BR 1,id 



(2) During signed division (DIV), if the quotient is 80H 
(byte operation) or 8000H (word), the mPD70116 will 
take a Divide By trap. The /*PD70136 will perform 
the calculation. 

(3) When the ^PD70116 executes the POLL instruction, 
it will wait for the POLL input signal to be asserted. 
The mPD701 36 has no POLL input; instead, when this 
instruction is executed, if a coprocessor is not 
connected, then a Coprocessor Not Present trap will 
be taken. If a coprocessor is attached, then no 
operation takes place. 

The /xPD701 16 accepts FP01 and FP02 as opcodes 
for the iAPX8087 coprocessor. The /&PD70136 ac- 
cepts these as opcodes for the jtPD7229l coproces- 
sor, which is not compatible with the iAPX8087. 

(4) During the POP R instruction, the jtPD70116 does 
not restore the SP register. The jtPD70136 does 
restore the SP. 



(5) When processing a divide error, the /*PD701 16 saves 
the address of the next instruction. The /tPD701 36 
saves the address of the current instruction (the 
divide instruction). 

(6) The ftPD70116 allows up to 3 prefix instructions in 
any combination. The jkPD70136 also allows 3 pre- 
fixes, but only one of each type can be used. The 
MPD70136 could operate incorrectly if there are two 
prefixes of the same type. For example, consider: 

REP 

REPC 

CMPBK SS: src-block, dst-block 

If the compare operation is interrupted, then when it 
resumes following the interrupt service, execution 
will begin at the REPC instruction, not the REP 
instruction, because two repeat prefixes were used. 

(7) The mPD70116 acc epts NMI requests even while 
processin g an NMI. ThejxPD70136 does not allow 
nes ting of NMIs; the NMI input will be ignored until 
the NMI interrupt handler is exited. 

INSTRUCTION SET 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction exe- 
cution. 

Clock timings assume the instruction has been 
prefetched and is present in the 8-byte instruction 
queue. Otherwise, add two clocks for each pair of bytes 
not present. 

Word operands require two additional clocks for each 
transfer to an unaligned (odd address) memory operand. 
These times are shown on the right side of the slash (/). 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if the 
transfer or branch takes place. The number on the right 
side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 
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Symbols 



Symbol 


Meaning 


ace 


Accumulator(AW or AL) 


duso 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-disp8 


16-bit displacement (sign-extension byte + 8- 
bit displacement) 


farjabel 


Label within a different program segment 


far_proc 


Procedure within a different program segment 


fp-op 


Floating-point Instruction operation 


imm 


8- or 16-bit immediate operand 


imm3/4 


3- or 4-bit immediate bit offset 


imm8 


8-bit immediate operand 


imm16 


16-bit immediate operand 


mem 


Memory field (000 to 111); 8- or 16-bit memory 
location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptr16 


Ward containing the destination address within 
the current segment 


memptr32 


Double word containing a destination address in 
another segment 


mod 


Mode field (00 to 10) 


nearjabel 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop_value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 8- or 16-bit general- 
purpose register 


reg8 


8-bit general-purpose register 


reg 16 


16-bit general-purpose register 


regptr 


16-bit register containing a destination address 
within the current segment 


regptr16 


Register containing a destination address within 
the current segment 


seg 


Immediate segment data (16 bits) 


short-label 


Label between —128 and +127 bytes from the 
end of the current instruction 


sr 


Segment register 


sre 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 



Symbol 


Meaning 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (high byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 


DS0 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


MD 


Mode flag 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 

S « No sign extension 

S ■ Sign extend immediate byte operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


ss 


Stack segment register (16 bits) 


V 


Overflow flag 


w 


Word/byte field (0 to 1) 


x,xxx, 

YYY.ZZZ 


Data to identify the instruction code of the 
external floating-point arithmetic chip 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


z 


Zero flag 
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NEC 



Flag Operations 



Register Selection (mod = 11) 



Symbol 




Meaning 




(blank) 




No change 









Cleared to 




1 




Set to 1 




X 




Set or cleared according to result 


u 




Undefined 




R 




Restored to previous state 


Memory Addressing Modes 


mem 


mod = 00 


mod = 01 


mod = 10 


000 


BW + IX 


BW + IX + disp8 


BW + IX + dlsp16 


001 


BW+ IY 


BW + IY + disp8 


BW + IY + disp16 


010 


BP+ IX 


BP + IX + disp8 


BP + IX + disp16 


011 


BP + IY 


BP + IY + disp8 


BP + IY + disp16 


100 


IX 


IX + disp8 


IX + disp16 


101 


IY 


IY + disp8 


IY + disp16 


110 


Direct 


BP + disp8 


BP + disp16 


111 


BW 


BW + disp8 


BW + disp16 



reg 


W = 


W- 1 


000 


AL 


AW 


001 


CL 


CW 


010 


DL 


DW 


011 


BL 


BW 


100 


, AH 


SP 


101 


CH 


BP 


110 


DH 


IX 


111 


BH 


IY 


Segment Register Selection 


sr 


Segment Register 




00 


DS1 




01 


PS 




10 


SS 




11 


DS0 





Instruction Set 




Opcode 
Mnemonic Operand 76543210 76543210 Clocks 


Flags 
Bytes AC CY V P S Z 


Data Transfer Instructions 



MOV 



reg, reg 




1 











1 





1 


w 


1 1 




reg 


reg 


2 


2 


mem, reg 




1 











1 








W 


mod 




reg 


mem 


3/5 


2-4 


reg, mem 




1 











1 





1 


W 


mod 




reg 


mem 


5/7 


2-4 


mem, imm 




1 


1 











1 


1 


W 


mod 




000 


mem 


3/5 


3-6 


reg, imm 




1 





1 


1 


w 




reg 












2 


2-3 


ace, dmem 




1 





1 














w 










5/7 


3 


dmem, ace 




1 





1 











1 


w 










3/5 


3 


sr, reg16 




1 











1 


1 


1 





1 1 





sr 


reg 


2 


2 


sr, mem16 




1 











1 


1 


1 





mod 





sr 


mem 


5/7 


2-4 


reg16, sr 




1 











1 


1 








1 1 





sr 


reg 


2 


2 


mem16, sr 




1 











1 


1 








mod 





sr 


mem 


3/5 


2-4 


DS0, reg16, 


mem32 


1 


1 











1 





1 


mod 




reg 


mem 


10/14 


2-4 


DS1, reg16, 


mem32 


1 


1 











1 








mod 




reg 


mem 


10/14 


2-4 


AH, PSW 




1 








1 


1 


1 


1 


1 










2 


1 



PSW, AH 



10 1 1 11 



LDEA 


reg16, mem16 


1 











1 


1 








mod 


reg 


mem 


2 


2-4 


TRANS 


srctable 


1 


1 





1 





1 


1 


1 








5 


1 


XCH 


reg, reg 


1 














1 


1 


w 


1 1 


reg 


reg 


3 


2 




mem, reg 


1 














1 


1 


w 


mod 


reg 


mem 


8/12 


2-4 
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Instruction Set (cont) 


Mnemonic Operand 7 6 


5 


4 


Opcode 
3 2 10 7 


6 5 


4 3 2 1 


Clocks 


Flags 
Bytes AC CY V P S Z 


Data Transfer Instructions (cont) 


XCH (cont) AW, reg16 1 





1 


reg 








3 


1 


Repeat Prefixes 


REPC 1 


1 





10 1 








2 


1 


REPNC 1 


1 





10 








2 


1 


REP 1 1 

REPE 

REP2 


1 


1 


11 








2 


1 


REPNE 1 1 
REPNZ 


1 


1 


10 








2 


1 


Block Transfer Instructions 



MOVBK dst, src 



1 1 1 W 



3 + 4n (W 
3 + 4n (W 
3 + 8n (W 
3 + 6n (W 



= 0) 



1, even addresses) 
1, odd addresses) 
1, odd/even addresses) 



CMPBK dst, src 



1 1 1 1 W 



3 + 7n (W 
3 + 7n (W 
3 + 11n(W 
3 + 9n (W = 



1 
= 0) 



= 1, even addresses) 
= l.odd addresses) 
= 1, odd/even addresses) 



CMPM dst 



1 1 1 1 1 W 



3 + 5n (W 
3 + 5n (W 
3 + 7n (W 



1 
= 0) 



1, even addresses) 
1, odd addresses) 



LDM ; 



10 10 1 1 W 



5 + 2n (W 
5 + 2n (W 
5 + 4n (W 



= 0) 



1, even addresses) 
1, odd addresses) 



STM 



dst 



1 1 1 1 W 



3 + 2n (W 
3 + 2n (W 
3 + 4n (W 



= 0) 



1, even addresses) 
1, odd addresses) 



n = number of returns 

String instruction execution clocks for a single-instruction execution are in parentheses. 


I/O Instructions 


IN acc, imm8 


1 


1 1 1 W 


5/7 


2 


ace, DW 


1 


1 1 1 1 W 


3/5 


1 


OUT imm8, acc 


1 


1 1 1 1 W 


3/5 


2 


DW, acc 


1 


1 1 1 1 1 W 


3/5 


1 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 



Opcode 
3210 76543210 Clocks 



Flags 
Bytes AC CY V P S Z 



I/O Instructions (cont) 



INM 



dst, DW 



110 1 1 W 



1 

3 + 11n (W = 0) 
3 + 8n (W = 1 , even addresses) 
3 + 22n (W = 1, odd addresses) 
3 +20n (W = 1, odd/even addresses; 

odd for I/O) 
3 + 13n (W = 1, odd/even addresses; 

odd for memory) 



OUTM 



DW, src 



110 1 1 1 W 



1 

3 + 11n (W = 0) 
3 + 8n (W = 1, even addresses) 
3 + 22n (W - 1, odd addresses) 
3 + 20n (W = 1, odd addresses; 

odd for I/O) 
3 + 13n (W = 1, odd addresses; 

odd for memory) 



n = number of transfers 

String instruction execution clocks for a single-instruction execution are in parentheses. 

Use the right side of the slash (J) for DMA I/O accesses. 


BCD Instructions 


ADJBA 







1 


1 





1 


1 1 










4 


1 


X 


X 


u 


u 


u 


u 


ADJ4A 







1 








1 


1 1 










2 


1 


X 


X 


u 


X 


X 


X 


ADJBS 







1 


1 


1 


1 


1 1 










4 


1 


X 


X 


u 


u 


u 


u 


ADJ4S 







1 





1 


1 


1 1 










2 


1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, src 











1 


1 


1 1 





10 








2 + 18n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, src 











1 


1 


1 1 





10 





1 


2 + 18n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, src 











1 


1 


1 1 





10 


1 


1 


7 + 14n 


2 


u 


X 


u 


u 


u 


X 


ROL4 


reg8 




1 1 










1 




1 


1 1 

reg 





10 1 








9 


3 
















mem8 



mod 










1 




1 


1 1 
mem 





10 1 








15 


3-5 














ROR4 


reg8 




1 1 










1 




1 


1 1 
reg 





10 1 





1 


13 


3 
















mem8 



mod 










1 




1 


1 1 
mem 





10 1 





1 


19 


3-5 
















n = number 


of BCD digits divided by 


<2 




























Data Typa Conversion Instructions 


CVTBD 




1 1 





1 





1 








1 





1 


12 


2 


u 


u 


u 


X 


X 


X 


CVTDB 




1 1 





1 





1 


1 





1 





1 


8 


2 


u 


u 


u 


X 


X 


X 


CVTBW 




1 





1 


1 
















2 


1 














CVTWL 




1 





1 


1 





1 










2 


1 
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Instruction Set (cont) 



Mnemonic Operand 



Opcode 
76543210 76543210 Clocks 



Flags 
Bytes AC CY V P S Z 



Arithmetic Instructions 



ADD 



reg, reg 



1 W 11 



reg 



X X X X 



mem, reg 



0000000W mod 



reg 



7/11 



2-4 



X X X X 



reg, mem 



1 W mod 



reg 



6/8 



2-4 



X X X X 



reg, imm 



100000SW 11000 



reg 



3-4 



X X X X 



mem, imm 



1 S W mod 



7/11 



3-6 



X X X X 



ace, imm 



1 W 



2-3 



X X X X 



ADDC 



reg, reg 



1 1 W 11 



reg 



reg 



X X X X 



mem, reg 



1 W mod 



7/11 



2-4 



X X X X 



reg, mem 



1 1 W mod 



6/8 



2-4 



X X X X 



reg, imm 



100000SW 11010 



reg 



3-4 



X X X X 



mem, imm 



1 S W mod 1 



7/11 



3-6 



X X X X 



ace, imm 



1 1 W 



2-3 



X X X X 



SUB 



reg, reg 



1 1 1 W 11 



reg 



reg 



X X X X 



mem, reg 



10 1 W 



mod 



reg 



7/11 



2-4 



X X X X 



reg, mem 



1 1 1 W mod 



6/8 



2-4 



X X X X 



reg, imm 



100000SW 11101 



reg 



3-4 



X X X X 



mem, imm 



1 S W mod 1 1 



7/11 



3-6 



X X X X 



ace, imm 



1 1 1 W 



2-3 



X X X X 



SUBC 



reg, reg 



1 1 1 W 11 



X X X X 



mem, reg 



1 1 W 



mod 



reg 



7/11 



2-4 



X X X X 



reg, mem 



1 1 1 W 



mod 



reg 



6/8 



2-4 



X X X X 





reg, imm 



















s 


W 


1 1 





1 


1 


reg 


2 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 



















s 


W 


mod 





1 


1 


mem 


7/11 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 











1 


1 


1 





W 












2 


2-3 


X 


X 


X 


X 


X 


X 


INC 


reg8 








1 


1 


1 


1 





1 1 











reg 


2 


2 


X 




X 


X 


X 


X 




mem 








1 


1 


1 


1 


W 


mod 











mem 


7/11 


2-4 


X 




X 


X 


X 


X 




reg16 


















reg 














2 


1 


X 




X 


X 


X 


X 


DEC 


reg8 








1 


1 


1 


1 





1 1 








1 


reg 


2 


2 


X 




X 


X 


X 


X 




mem 








1 


1 


1 


1 


W 


mod 








1 


mem 


7/11 


2-4 


X 




X 


X 


X 


X 




regl6 













1 




reg 














2 


1 


X 




X 


X 


X 


X 


MULU 


reg8 








1 





1 


1 





1 1 


1 








reg 


8 


2 


u 


X 


X 


u 


u 


u 




reg16 








1 





1 


1 


1 


1 1 


1 








reg 


12 


2 


u 


X 


X 


u 


u 


u 




mem8 








1 





1 


1 





mod 


1 








mem 


12 


2-4 


u 


X 


X 


u 


u 


u 




mem16 








1 





1 


1 


1 


mod 


1 








mem 


16/18 


2-4 


u 


X 


X 


u 


u 


u 


MUL 


reg8 








1 





1 


1 





1 1 


1 





1 


reg 


8 


2 


u 


X 


X 


u 


u 


u 




reg16 








1 





1 


1 


1 


1 1 


1 





1 


reg 


12 


2 


u 


X 


X 


u 


u 


u 




mem8 








1 





1 


1 





mod 


1 





1 


mem 


12 


2-4 


u 


X 


X 


u 


u 


u 




mem16 








1 





1 


1 


1 


mod 


1 





1 


mem 


16/18 


2-4 


u 


X 


X 


u 


u 


u 




reg16, reg16, imm8 












1 





1 


1 


1 1 




reg 




reg 


12 


3 


u 


X 


X 


u 


u 


u 
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Instruction Set (cont) 


Opcode 
Mnemonic Operand 76543210 76543210 Clocks 


Flags 
Bytes AC CY V P S Z 


Arithmetic Instructions (cont) 



MUL 
(cont) 


reg16, mem16, 
imm8 





1 





1 





1 


1 


mod 




reg 




mem 


16/18 


3-5 


u 


X 


X 


u 


u 


u 




reg16, reg16, 
imm16 





1 





1 








1 


1 1 




Teg 




reg 


12 


4 


u 


X 


X 


u 


u 


u 




reg16, mem16, 
imm16 





1 1 





1 








1 


mod 




reg 




mem 


16/8 


4-6 


u 


X 


X 


u 


u 


u 


DIVU 


reg8 




1 1 


1 





1 


1 





1 1 


1 


1 





reg 


11 


2 


u 


u 


u 


u 


u 


u 




reg16 




1 1 


1 





1 


1 


1 


1 1 


1 


1 





reg 


19 


2 


u 


u 


u 


u 


u 


u 




mem8 




1 1 


1 





1 


1 





mod 


1 


1 





mem 


15 


2-4 


u 


u 


u 


u 


u 


u 




mem16 




1 1 


1 





1 


1 


1 


mod 


1 


1 





mem 


23/25 


2-4 


u 


u 


u 


u 


u 


u 


DIV 


reg8 




I 1 


1 





1 


1 





1 1 


1 


1 


1 


reg 


16 


2 


u 


u 


u 


u 


u 


u 




reg16 




1 1 


1 





1 


1 


1 


1 1 


1 


1 


1 


reg 


24 


2 


u 


u 


u 


u 


u 


u 




mem8 




I 1 


1 





1 


1 





mod 


1 


1 


1 


mem 


20 


2-4 


u 


u 


u 


u 


u 


u 




mem 16 




I 1 


1 





1 


1 


1 


mod 


1 


1 


1 


mem 


28/30 


2-4 


u 


u 


u 


u 


u 


u 



Comparison Instructions 



CMP 



reg, reg 








1 


1 


1 





1 


w 


1 1 




reg 




reg 


2 


2 


X 


X 


X 


X 


X 


X 


mem, reg 








1 


1 


1 








w 


mod 




reg 




mem 


6/8 


2-4 


X 


X 


X 


X 


X 


X 


reg, mem 








1 


1 


1 





1 


w 


mod 




reg 




mem 


6/8 


2-4 


X 


X 


X 


X 


X 


X 


reg, imm 


1 

















s 


w 


1 1 


1 


1 


1 


reg 


2 


3-4 


X 


X 


X 


X 


X 


X 


mem, imm 


1 

















s 


w 


mod 


1 


1 


1 


mem 


6/8 


3-6 


X 


X 


X 


X 


X 


X 



ace, imm 








1 


1 


1 


1 





w 












2 


2-3 


X 


X 


X X X X 


Logical Instructions 


NOT reg 


1 


1 


1 


1 





1 


1 


w 


1 1 





1 





reg 


2 


2 








mem 


1 


1 


1 


1 





1 


1 


w 


mod 





1 





mem 


7/11 


2-4 








NEG reg 


1 


1 


1 


1 





1 


1 


w 


1 1 





1 


1 


reg 


2 


2 


X 


X 


X X X X 


mem 


1 


1 


1 


1 





1 


1 


w 


mod 





1 


1 


mem 


7/11 


2-4 


X 


X 


X X X X 



TEST 



reg, reg 



1 1 W 11 



reg 



reg 



mem, reg 



1 1 W 



mod 



reg 



6/8 



2-4 







reg, imm 



1111011W 11000 



reg 



3-4 



x x x 



mem, imm 



1 1 1 1 1 1 W mod 



6/8 



3-6 



x x x 



ace, imm 



1 1 1 W 



2-3 



x 



AND 



reg, reg 



1 1 W 11 



reg 



x x x 



mem, reg 



1 W mod 



reg 



7/11 



2-4 



x 



reg, mem 



1 1 W mod 



reg 



6/8 



2-4 



x x x 



reg, imm 



1000000W 11100 



reg 



3-4 



x x x 



mem, Imm 



1 W mod 1 



7/11 



3-6 



x x x 





ace, imm 














1 


1 


W 








2 


2-3 


u 








XXX 


OR 


reg, reg 














1 





1 W 


1 1 


reg 


reg 


2 


2 


u 








XXX 




mem, reg 














1 





W 


mod 


reg 


mem 


7/11 


2-4 


u 








XXX 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 3 



Opcode 
210 76543210 Clocks 



Flags 
Bytes AC CY V P .8 Z 



Logical Instructions (cont) 



OR (cont) reg, mem 



1 1 W mod reg mem 6/8 



2-4 



reg, imm 


1 




















w 


1 1 








1 


reg 


2 


3-4 


u 








X 


X 


X 


mem, imm 


1 




















w 


mod 








1 


mem 


7/11 


3-6 


u 








X 


X 


X 


ace, imm 














1 


1 





w 












2 


2-3 


u 








X 


X 


X 


reg, reg 








1 


1 








1 


w 


1 1 




reg 




reg 


2 


2 


u 








X 


X 


X 


mem, reg 








1 


1 











w 


mod 




reg 




mem 


7/11 


2-4 


u 








X 


X 


X 


reg, mem 








1 


1 








1 


w 


mod 




reg 




mem 


6/8 


2-4 


u 








X 


X 


X 


reg, imm 


1 




















w 


1 1 


1 


1 





reg 


2 


3-4 


u 








X 


X 


X 


mem, imm 


1 




















w 


mod 


1 


1 





mem 


7/11 


3-6 


u 








X 


X 


X 



XOR 



ace, imm 





1 


1 





1 w 














2 


2-3 


u 








X 


X 


X 


Bit Manipulation Instructions 




INS reg8, reg8 




1 1 






reg 


1 


1 1 
reg 


1 





1 


1 











1 37-61/ 
39-77 


3 














reg8, imm4 




1 1 










1 




1 1 
reg 


t 





1 


1 


1 








1 37-69/ 
39-77 


4 














EXT reg8, reg8 




1 1 






reg 


1 


1 
reg 


1 





1 


1 








1 


1 29-61/ 
33-63 


3 














reg8, imm4 




1 1 










1 




1 
reg 








1 


1 


1 





1 


1 29-61/ 
33-63 


4 














TEST1 reg, CL 




1 1 










1 




1 
reg 











1 











W 4 


3 


u 








u 


u 


X 


mem8, CL 



mod 










1 




1 

mem 











1 











8 


3-5 


u 








u 


u 


X 


mem16, CL 




mod 










1 




1 
mem 











1 











1 8/10 


3-5 


u 








u 


u 


X 


reg, imm3/4 




1 1 










1 




1 
reg 











1 


1 








W 4 


4 


u 








u 


u 


X 


mem8, imm3 



mod 










1 




1 
mem 











1 


1 








13 


4-6 


u 








u 


u 


X 


mem16, imm4 




mod 










1 




1 
mem 











1 


1 








1 8/10 


4-6 


u 








u 


u 


X 


SET1 reg, CL 




1 1 










1 




1 
reg 











1 





1 





W 4 


3 














mem, CL 




mod 










1 




1 
mem 











1 





1 





W 9 


3-5 














reg, imm3/4 




1 1 










1 




1 
reg 











1 


1 


1 





W 4 


4 














mem8, imm3 











1 


1 











1 


1 


1 





9 


4-6 















mod 



41 



JIPD70136 (V33) 



NEC 



Instruction Set (cont) 


Opcode 
Mnemonic Operand 7654321 76543210 Clocks 


Flags 
Bytes AC CY V P S Z 


Bit Manipulation Instructions (cont) 


SET1 mem16, imm4 00001111 00011101 9/13 
(COnt) mod mem 


4-6 



CY 


1 1 


1 


1 


1 


1 














2 


1 




1 










DIR 


1 1 


1 


1 


1 


1 1 














2 


1 














CLR1 reg, CL 




1 1 










1 




1 1 1 

reg 











1 








1 W 4 


3 














mem8, CL 



mod 










1 




1 1 1 
mem 











1 








1 9 


3-5 














mem16, CL 



mod 










1 




1 1 1 
mem 











1 








1 1 9/13 


3-5 














reg, imm3/4 




1 1 










1 




1 1 1 
reg 











1 


1 





1 W 4 


4 














mem8, imm3 



mod 










1 




1 1 1 
mem 











1 


1 





1 9 


4-6 














mem16, imm4 



mod 










1 




1 1 1 
mem 











1 


1 





1 1 9/13 


4-6 














CY 


1 1 


1 


1 


1 

















2 


1 















DIR 


1 1 


1 


1 


1 


1 














2 


1 














NOT1 reg, CL 




1 1 










1 




1 1 1 
reg 











1 





1 


1 W 4 


3 














mem8, CL 



mod 










1 




1 1 1 
mem 











1 





1 


1 9 


3-5 














mem16, CL 



mod 










1 




1 1 1 
mem 











1 





1 


1 1 9/13 


3-5 














reg, imm3/4 




1 1 










1 




1 1 1 
reg 











1 


1 


1 


1 W 4 


4 














mem8, imm3 



mod 










1 




1 1 1 
mem 











1 


1 


1 


1 W 9 


4-6 














mem16, imm4 



mod 










1 




1 1 1 
mem 











1 


1 


1 


1 1 9/13 


4-6 














CY 


1 1 


1 


1 





1 1 














2 


1 




X 










Shift/Rotate Instructions 


SHL reg, 1 


1 1 





1 





W 


1 


1 


1 










reg 2 


2 


u 


X 


X 


X 


X 


X 


mem, 1 


1 1 





1 





W 


mod 


1 










mem 7/11 


2-4 


u 


X 


X 


X 


X 


X 


reg, CL 


1 1 





1 





1 W 


1 


1 


1 










reg 2 + n 


2 


u 


X 


u 


X 


X 


X 


mem, CL 


1 1 





1 





1 W 


mod 


1 










mem 6/10 + n 


2-4 


u 


X 


u 


X 


X 


X 


reg, imm8 


1 1 











W 


1 


1 


1 










reg 2 + n 


3 


u 


X 


u 


X 


X 


X 


n = number of shifts 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 



Opcode 
3210 76543210 Clocks 



Flags 
Bytes AC CY V P S Z 



Shift/Rotate Instructions (cont) 



SHL (cont) 


mem, imm8 


1 1 

















w 


mod 


1 








mem 


6/10 + 


n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 


1 





1 











w 


1 1 


1 





1 


reg 


2 




2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 





1 











w 


mod 


1 





1 


mem 


7/11 




2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 1 





1 








1 


w 


1 1 


1 





1 


reg 


2 + n 




2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 1 





1 








1 


w 


mod 


1 





1 


mem 


6/10 + 


n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 

















w 


1 1 


1 





1 


reg 


2 + n 




3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 

















w 


mod 


1 





1 


mem 


6/10 + 


n 


3-5 


u 


X 


u 


X 


X 


X 


SHRA 


reg, 1 


1 1 





1 











w 


1 1 


1 




1 


reg 


2 




2 


u 


X 





X 


X 


X 




mem, 1 


1 1 





1 











w 


mod 


1 




1 


mem 


7/11 




2-4 


u 


X 





X 


X 


X 




reg, CL 


1 





1 








1 


w 


1 1 


1 




1 


reg 


2 + n 




2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 





1 








1 


w 


mod 


1 




1 


mem 


6/10 + 


n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 

















w 


1 1 


1 




1 


reg 


2 + n 




3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 

















w 


mod 


1 




1 


mem 


6/10 + 


n 


3-5 


u 


X 


u 


X 


X 


X 


ROL 


reg, 1 


1 





1 











w 


1 1 











reg 


2 




2 




X 


X 










mem, 1 


1 





1 











w 


mod 











mem 


7/11 




2-4 




X 


X 










reg, CL 


1 





1 








1 


w 


1 1 











reg 


2 + n 




2 




X 


u 










mem, CL 


1 





1 








1 


w 


mod 











mem 


6/10 + 


n 


2-4 




X 


u 










reg, imm 


1 

















w 


1 1 











reg 


2 + n 




3 




X 


u 










mem, imm 


1 

















w 


mod 











mem 


6/10 + 


n 


3-5 




X 


u 








ROR 


reg, 1 


1 





1 











w 


1 1 








1 


reg 


2 + n 




2 




X 


u 










mem, 1 


1 





1 











w 


mod 








1 


mem 


7/11 




2-4 




X 


X 










reg, CL 


1 





1 








1 


w 


1 1 








1 


reg 


7 + n 




2 




X 


u 










mem, CL 


1 





1 








1 


w 


mod 








1 


mem 


6/10 + 


n 


2-4 




X 


u 










reg, imm8 


1 

















w 


1 1 








1 


reg 


2 + n 




3 




X 


u 










mem, imm8 


1 

















w 


mod 








1 


mem 


6/10 + 


n 


3-5 




X 


u 








ROLC 


reg, 1 


1 





1 











w 


1 1 





1 





reg 


2 




2 




X 


X 










mem, 1 


1 





1 











w 


mod 





1 





mem 


7/11 




2-4 




X 


X 










reg, CL 


1 





1 








1 


w 


1 1 





1 





reg 


2 + n 




2 




X 


u 










mem, CL 


1 





1 








1 


w 


mod 





1 





mem 


6/10 + 


n 


2-4 




X 


u 










reg, imm8 


1 

















w 


1 1 





1 





reg 


2 + n 




3 




X 


u 










mem, imm8 


1 

















w 


mod 





1 





mem 


6/10 + 


n 


3-5 




X 


u 








RORC 


reg, 1 


1 





1 











w 


1 1 





1 




reg 


2 




2 




X 


X 










mem, 1 


1 





1 











w 


mod 





1 




mem 


7/11 




2-4 




X 


X 










reg, CL 


1 





1 








1 


w 


1 1 





1 




reg 


2 + n 




2 




X 


u 










mem, CL 


1 





1 








1 


w 


mod 





1 




mem 


6/10 + 


n 


2-4 




X 


u 










reg, imm8 1 


1 

















w 


1 1 





1 




reg 


2 + n 




3 




X 


u 









n = number of shifts 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 3 



Opcode Flags 

210 76543210 Clocks Bytes AC CY V PS Z 



Shift/Rotate Instructions (cont) 



RORC 
(cont) 



mem, imm8 



1 1 W mod 1 1 mem 6/10 + n 3-5 



Stack Manipulation Instructions 



PUSH 



mem16 



11111111 



mod 1 1 



5/9 



2-4 



reg 16 



10 10 



reg 



3/5 







1 1 



3/5 



PSW 



10 1 1 10 



3/5 



110 



20/36 



imm 



1 1 1 S 



3/5 



2-3 



POP 



mem16 



10 1 11 1 



mod 



5/9 



2-4 



10 11 



reg 



5/7 







1 1 1 



5/7 



PSW 



10 1 1 10 1 



5/7 



R R R R R 



R 



110 1 



22/38 



PREPARE imm16, imm8 



110 10 



*imm8 = 0:15 

imm8& 1: 17 + 12 (imm8 - 1) odd, 15 + 8 (imm8-1) even 



DISPOSE 



110 10 1 



6/10 



Control Transfer Instructions 



CALL 



near_proc 



1110 10 



7/9 



regptr16 



11111111 



110 10 



reg 



7/9 



memptr16 



11111111 



mod 1 



11/15 



2-4 



far_proc 



10 1 10 10 



9/13 



memptr32 



11111111 



mod 1 1 



15/23 



2-4 



RET 



110 11 



10/12 



pop_value 



110 10 



10/12 



110 10 1 1 



12/16 





pop_value 


1 


1 





1 





1 









12/16 


3 


BR 


nearjabel 


1 


1 


1 


1 








1 






7 


3 




short-label 


1 


1 


1 


1 





1 


1 






7 


2 




regptr16 


1 


1 


1 1 


1 


1 


1 


1 


1110 


reg 


7 


2 




memptr16 


1 


1 


1 1 


1 


1 


1 


1 


mod 10 


mem 


11/13 


2-4 




farjabel 


1 


1 


1 


1 





1 









7 


5 




memptr32 


1 


1 


1 1 


1 


1 


1 


1 


mod 1 1 


mem 


13/17 


2-4 


BV 


short-label 





1 


1 1 


















3/6 


2 


BNV 


short-label 





1 


1 1 











1 






3/6 


2 


BC.BL 


short-label 





1 


1 1 








1 









3/6 


2 



n = number of shifts 
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Instruction Set (cont) 


Mnemonic 


Operand 


7 


6 


5 


4 


3 


2 


1 


Opcode 
7 6 


5 


4 


3 


2 1 


Clocks 


Bytes AC 


Flags 
CY V P S Z 


Control Transfer Instructions (cont) 


BNC, BNL 


short-label 





1 




1 








1 


1 












3/6 


2 




BE.BZ 


shortJabel 





1 




1 





1 


















3/6 


2 




BNE, BNZ 


shorUabel 





1 




1 





1 





1 












3/6 


2 




BNH 


short-label 





1 




1 





1 


1 















3/6 


2 




BH 


short_label 





1 




1 





1 


1 


1 












3/6 


2 




BN 


shortJabel 





1 




1 


1 





















3/6 


2 




BP 


shortJabel 





1 




1 


1 








1 












3/6 


2 




BPE 


shortJabel 





1 




1 


1 





1 















3/6 


2 




BPO 


short-label 





1 




1 


1 





1 


1 












3/6 


2 




Interrupt Instructions 


BLT 


short-label 





1 




1 


1 


1 


















3/6 


2 




BGE 


shortJabel 





1 




1 


1 


1 





1 












3/6 


2 




BLE 


shortJabel 





1 




1 


1 


1 


1 















3/6 


2 




BGT 


short-label 





1 




1 


1 


1 


1 


1 












3/6 


2 




DBNZNE 


short-label 




1 





























3/6 


2 




DBNZE 


short-label 




1 
















1 












3/6 


2 




DBNZ 


short-label 




1 













1 















3/6 


2 




BCWZ 


short-label 




1 













1 


1 












3/6 


2 




BRK 


3 




1 








1 


1 


















18/24 


1 






imm8 




1 








1 


1 





1 












18/24 


2 




BRKV 


imm8 




1 








1 


1 


1 















20/26 


1 




RETI 






1 








1 


1 


1 


1 












13/19 


1 R 


R R R R R 


CHWND 


reg16, mem32 





1 


1 











1 





mod 




reg 




mem 


24-26/ 
30-32 


2-4 




CPU Control Instructions 


HALT 




1 


1 


1 


1 





1 


















2 


1 




BUSLOCK 




1 


1 


1 


1 
























2 


1 




FP01 


fp_op 


1 


1 





1 


1 


X 


X 


X 


1 1 


Y 


Y 


Y 


z z z 


* 


2 






fp_op, mem 


1 


1 





1 


1 


X 


X 


X 


mod 


Y 


Y 


Y 


mem 


* 


2-4 




FP02 


fp_op 





1 


1 








1 


1 


X 


1 1 


Y 


Y 


Y 


z z z 


* 


2 






fp_op, mem 





1 


1 








1 


1 


X 


mod 


Y 


Y 


Y 


mem 


* 


2-4 




POLL 




1 








1 


1 





1 


1 




n = 


2 + 5n 
number of times POLL pin is 


1 
sampled. 




NOP 




1 








1 
























3 


1 




Dl 




1 


1 


1 


1 


1 





1 















2 


1 




El 




1 


1 


1 


1 


1 





1 


1 












2 


1 




DS0:,DS1:,PS:,SS: 
(segment override prefixes) 








1 


seg 


1 


1 















2 


1 
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Instruction Set (cont) 


Opcode 
Mnemonic Operand 76543210 76543210 Clocks 


Flags 
Bytes AC CY V P S Z 


Address Expansion Control Instructions 


BRKXA imm8 00001111 11100000 12 

imm8 


3 


RETXA imm8 00001111 11110000 12 

imm8 


3 
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JUPD70236 (V53) 

16-Bit Microprocessor: 

High-Speed, High-Integration, CMOS 



Description 

The V53™ is a high-speed, high-integration 16-bit 
CMOS microprocessor with a CPU that is object and 
source code compatible with the V20®/V30®. Integrated 
on the same die is a 4-channel DMA controller, a UART, 
three timer/counters, an interrupt controller, a refresh 
controller, a clock generator, and a bus controller. 

(1) The DMA unit has four channels of high- 
bandwidth DMA (up to 8M bytes/sec). It has two 
sets of control registers, one compatible with the 
/iPD71087/8237 and another with the/iPD71071. 

(2) The UART offers asynchronous serial I/O and is 
functionally compatible with the^PD71051 (8251). 

(3) The three 16-bit general-purpose timer/counters 
are compatible with the /L/PD71054 (8254). 

(4) The interrupt controller is identical to the 
^PD71059 (8259) and offers eight interrupt chan- 
nels. External /l/PD71059s may be cascaded. 

(5) The refresh controller generates a 16-bit refresh 
cycle for use with dynamic or pseudostatic RAMs. 

(6) The clock generator uses a crystal at two times 
the desired frequency to produce the internal 
clock for the CPU and peripherals. A peripheral 
clock is also output. 

(7) The bus controller generates jiPD71088-style con- 
trol signals for easy interface to external devices. 
The full V33 bus is also provided. Bus cycles are 
nominally two clock cycles long and can be ex- 
tended using the internal wait state generator. 
Dynamic bus sizing can be used to set the data- 
path width for every bus cycle. Both 8- and 16-bit 
cycles are supported, allowing the V53 to be used 
on both 8- and 16-bit systems. 

The V53 CPU is identical to the /JPD70136 (V33™). 
Hardwired data-path control and a high-bandwidth bus 
give a performance level four times that of the 10-MHz 
V30. The 1M-byte addressing range of the V30 is 
mapped into a 16M-byte LIM specification using on- 
chip page registers. 



V20 and V30 are registered trademarks of NEC Corporation. 
V33, V40, V50, and V53 are trademarks of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 



The V53 instruction set is upward compatible with the 
native modes of the V20, V30, V40™, and V50™. It 
includes bit processing, bit field insertion and extrac- 
tion, and BCD string arithmetic. Using a modified 
Booth's algorithm, the 16-MHz V53 executes 16-bit 
multiplies in 750 ns. The CPU performance is the high- 
est currently available in a high-integration micropro- 
cessor. 

The V53 has an undefined instruction trap that allows 
instructions not part of the V-series instruction set 
(such as commands for proprietary MMUs) to be emu- 
lated. High-speed numerics support is provided by the 
/JPD72291 CMOS floating-point unit (530K FLOPs at 
16 MHz). 

The V53's combination of high-speed CPU and DMA 
makes it ideal for high-bandwidth data control applica- 
tions such as disk or LAN controllers. The high integra- 
tion and software compatibility of the CPU and periph- 
erals with the V33 and V30 makes the V53 ideal for very 
compact personal computer applications such as dis- 
kless work stations and lap top computers, or embed- 
ded MS-DOS® compatible PCs for POS terminals or 
control applications. 

Features 

a High-speed, V30-compatible CPU 

— 125-ns minimum instruction execution time at 
16 MHz 

— 750-ns 16-bit multiply at 16 MHz 
— 1.19 /is 16-bit divide (16 MHz) 

— Fastest high-integration MPU available 

° Dual bus architecture 

° 8-byte instruction queue 

° Expanded LIM 4.0-compatible 24-bit addressing 

° Four DMA channels (to 8M bytes/sec) 

n On-chip serial I/O controller 

° Three pPD71054-compatible 16-bit counterAimers 

n Eight-channel pPD71059-compatible interrupt 
controller 

a Refresh controller 

n Bus controller with wait-state generator 

e Clock generator with STOP mode control for low 
power 

a 16-MHz (or 12.5-MHz) operation with 32-MHz (or 
25-MHz) crystal 
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Ordering Information 



Part Number 



Clock (MHz) Package 



pPD70236GD-10 



GD-12 



GD-16 



R-10 



R-12 



R-16 



10 120-pin plastic QFP 



12 



16 



10 132-pin ceramic PGA 



12 



16 



Pin Configurations 
120-Pin Plastic QFP 
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END/TC C 


1 




DMARQO C 


2 




DMAAKO E 


3 




DMARQ1 C 


4 


u 


DMAAK1 C 


5 




DMARQ2 C 


6 




DMAAK2 C 


7 




DMARQ3 C 


8 




DMAAK3 C 


9 




REFRQ C 


10 




HLDRQ C 


11 




HLDAK C 


12 




GNDC 


13 




INTPO C 


14 




INTP1 C 


15 




INTP2 C 


16 




INTP3 C 


17 




VDDC 


18 




INTP4 C 


19 




INTP5 □ 


20 




INTP6 C 


21 




INTP7 C 


22 




INTAK C 


23 




TCTLO C 


24 




TOUTO C 


25 




TCTL1 C 


26 




TOUT1 C 


27 




TCTL2 C 


28 




TOUT2C 


29 




TCLK C 


30 
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D15 
D14 
D13 



12 



IC 



CPBUSY 
CPERR * 
CPREQ* 



V DD 

GND 

UBE 

BUFEN 

DSTB 
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# CPERR (error indication) and CPREQ (data request) 
are inputs from a coprocessor. 
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132-Pin Ceramic PGA 



Top View 



oooooooooooooo 


oooooooooooooo 


oooooooooooooo 


ooo 


ooo 


o o o 


ooo 


ooo 


ooo 


ooo 


ooo 


ooo 


ooo 


ooo 


ooo 


ooo 


ooo 


ooo 


o o o o 


oooooooooooooo 


oooooooooooooo 


oooooooo o o o o o o 



o 



/ 



PNMLKJHGFEDCBA 



ABCDEFGHJK LMNP 



# CPERR (error indication) and CPREQ (data request) 
are inputs from a coprocessor. 



Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


A1 


A 22 


B9 


Ag 


D3 


DMARQO 


H1 


INTP2 


L13 


GND 


N7 




BUSLOCK 


A2 


A 20 


B10 


A 5 


D12 


D14 


H2 


INTP3 


L14 


CPERR* 


N8 


RESOUT 


A3 


GND 


B11 


GND 


D13 


IC 


H3 


V D D 


M1 


TOUTO 


N9 


X2 


A4 


A 19 


B12 


A 2 


D14 


D11 


H12 


GND 


M2 


TCTL2 


N10 


BUSSTO 


A5 
A6 
A7 
A8 


A16 
A 14 
A 12 

*11 


B13 
B14 
C1 
C2 


IC 

D 12 

DMAAK2 


E1 
E2 
E3 
E12 


HLDRQ 


H13 
H14 
J1 
J2 


D 2 

D 3 

INTP4 

INTP5 


M3 

M4 

-MS 

M6 


TCLK 
DTR 
RxRDY 
AEX 


N11 
N12 
N13 
N14 


RW 
JORD 


DMAAK3 
DMARQ2 
V D D 


BCYST 
UBE 


DMAAKO 


A9 


NC 


C3 


IC 


E13 


D 10 


J3 


INTP7 


M7 


GND 


P1 


DSR 


A10 


A 8 


C4 


A 23 


E14 


D 8 


J12 


IC 


M8 


V DD 


P2 


CTS 


A11 


A 6 


C5 


IC 


F1 


NC 


J13 


Dl 


Mg 


BUSST1 


P3 


SINT 


A12 
A13 


A 4 
A 3 


C6 
C7 


A 18 
V DD 


F2 
F3 


HLDAK 


J14 
K1 


NC 
INTP6 


M10 
M11 


IC 
MRD 


P4 
P5 


TxD 


REFRQ 


READY 


A14 
B1 


A 
DMARQ1 


C8 
C9 


GND 
A 7 


F12 
F13 


D 9 


K2 
K3 


INTAK 
TCTL1 


M12 
M13 


IC 


P6 
P7 


BS8/BS16 
PCLKOUT 


BUFEN 


B2 


END/TC 


C10 


V DD 


F14 


D 6 


K12 


V D D 


M14 


CPREQ * 


P8 


CLKOUT 


B3 
B4 


A 21 


C11 
C12 


Al 
D15 


G1 
G2 


INTP1 
INTPO 


K13 
K14 


CPBUSY 
Do 


N1 
N2 


TOUT1 
IC 


P9 
P10 


X1 


RESET 


B5 


A17 


C13 


D 13 


G3 


GND 


L1 


TCTLO 


N3 


RTS 


P11 


BUSST2 


B6 


A 15 


C14 


GND 


G12 


V D D 


L2 


IC 


N4 


IC 


P12 


M/IO 


B7 
B8 


A 13 
A 10 


D1 
D2 


DMARQ3 


G13 

G14 


D 5 
D4 


L3 
L12 


TOUT2 
DSTB 


N5 
N6 


RxD 
NMI 


P13 
P14 


IOWR 
MWR 


DMAAK1 
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Pin Identification 



Symbol 


I/O 


Function 


A0-A23 


Out 


Address bus 


AEX 


Out 


Address expansion mode flag 


BCYST 


Out 


Bus cycle start 


BS8/BS16 


In 


Data bus width specification 


BUFEN 


Out 


Buffer enable 




Out 




BUSLOCK 


Bus lock flag 


BUSST0-BUSST2 


Out 


Bus status 


CLKOUT 


Out 


System clock 




In 




CPBUSY 


Coprocessor busy 


CTS 


Out 


Clear to send 


D0-D15 


I/O 


Data bus 




Out 




DMAAK0-DMAAK3 


DMA acknowledge 


DMARQ0-DMARQ3 


In 


DMA request 


DSR 


In 


Data set ready 


DSTB 


Out 


Data strobe 


DTR 


Out 


Data terminal ready 


END/TC 


I/O 


DMA service forced-end input; 
DMA service complete output 


HLDAK 


Out 


Bus hold acknowledge 


HLDRQ 


In 


Bus hold request 




• Out 




INTAK 


Interrupt acknowledge 


INTP0-INTP7 


In 


Maskable interrupt request 


TORD 


Out 


I/O read 


lOWR 


Out 


I/O write 


M/lO 


Out 


Memory I/O select 


MRD 


Out 


Memory read 


MWR 


Out 


Memory write 


NMl 


In 


Nonmaskable interrupt request 


PCLKOUT 


Out 


External I/O clock 


READY 


In 


Bus cycle end 




Out 




REFRQ 


Refresh request 


RESET 


In 


Reset 


RESOUT 


Out 


System reset 


RTS 


Out 


Request to send 


R/W 


Out 


Read/write 


RxD 


In 


Serial receive data 


RxRDY 


Out 


Serial receive ready 


SINT 


Out 


Serial interrupt request 


TCLK 


In 


Timer clock 


TCTL0-TCTL2 


In 


Timer control 


TOUT0-TOUT2 


Out 


Timer output 



Symbol 


I/O 


Function 






TxD 


Out 


Serial transmit data 




DIE 


Out 


Data bus higher byte e 


nable 


X1.X2 


In 


Crystal/external clock 




V D D 


In 


+ 5-volt power 


source 




GND 




Ground 






IC 




Internal connection 




NC 




No connection 






Table 1. Output Pin States 


Symbol 


Hold 


Halt 


Reset 


DMA 
Cascade 


Ao-A 23 


Hi-Z 


L 


Hi-Z 


Hi-Z 


AEX 


Note 6 


Note 6 


H/L 


Note 6 




Hi-Z 


Note 4 


Hi-Z 




BCYST 


Hi-Z 


BUFEN 


Hi-Z 


H 


Hi-Z 


Hi-Z 




Note 5 


Note 5 


H 




BUSLOCK 


H 


BUSST0-BUSST2 


Hi-Z 


H 


Hi-Z 


H 


CLKOUT 


O 





O 





D0-D15 


Hi-Z 


Note 3 


Hi-Z 


Hi-Z 


DMAAK0-DMAAK3 


H 


O 


H 


O 


DSTB 


Hi-Z 


H 


Hi-Z 


Hi-Z 


DTR 








H 





END/TC 


Hi-Z 





Hi-Z 





HLDAK 


H 


H/L 


L 


L 


INTAK 


H 


H 


H 


H 


IORD 


Hi-Z 


H 


Hi-Z 


Hi-Z 


ioWr 


Hi-Z 


H 


Hi-Z 


Hi-Z 


M/lO 


Hi-Z 


L 


Hi-Z 


H 


MRD 


Hi-Z 


H 


Hi-Z 


Hi-Z 


mWr 


Hi-Z 


H 


Hi-Z 


Hi-Z 


PCLKOUT 


O 





O 





REFRQ 


H 





H 


H 


RESOUT 


L 


L 


H 


L 


RTS 


O 


O 


H 





R/W 


Hi-Z 


L 


Hi-Z 


H 


RxRDY 


O 


O 


H 





SINT 





O 


L 


O 
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Table 1. Output Pin States (eont) 



Symbol 


Hold 


Halt 


Reset 


DMA 
Cascade 


TOUT0-TOUT2 














TxD 








H 





DBE 


Hi-Z 


H 


HI-Z 


Hi-Z 



Notes: 

(1) The pin states are interpreted as follows: H is high level; L is low 
level; H/L Is high or low level; Hi-Z is high impedance; is 
indeterminate. 

(2) Halt includes both the HALT and STOP modes. 

(3) Undefined for the first two clocks of the halt acknowledge cycle 
and the Hi-Z. 

(4) L for the first clock of the halt acknowledge cycle and then H. 

(5) L under either of the following conditions: an instruction is 
executed during hold with a BUSLOCK prefix, or the HALT 
instruction is executed with a BUSLOCK prefix. Otherwise, the 
value is H. 

(6) H in address expansion mode; L in nonexpansion mode. 

PIN FUNCTIONS 

A0-A23 (Address Bus) 

These pins constitute an address bus that outputs real 
addresses when memory or an I/O device is accessed. 
Up to 64K bytes of I/O space and up to 16M bytes of 
memory space (including reserved areas) can be ac- 
cessed through the address bus. 

The address bus enters the high-impedance state if one 
of the following occurs. 



• RESET signal is applied 

• Microprocessor is in HOLD mode 

• DMA requests are cascade connected 

The status of the address bus is undefined during an 
interrupt acknowledge cycle. When interrupt requests 
are cascade connected, the slave ICU address is output 
on pins A0-A2. 

When I/O is accessed, pins A16-A23 go low. The address 
can be expanded even when the interrupt vector table is 
accessed. 

AEX (Address Extension) 

AEX is asserted when the expanded addressing mode is 
enabled. When AEX is high, the memory address space 
is 16M bytes (24-bit address), and when low, 1M byte 
(20-bit address). 



BCYST (Bus Cycle Start Strobe) 

This signal indicates the start of a bus cycle by going low 
for one clock immediately after the bus cycle is start ed. 
When the bus is placed in the hold state, the BCYST pin 
enters the high-impedance state. 

BS8/BS16 (8-Bit Bus Size/16-Bit Bus Size) 

BS8/BS16 is driven low by external logic when the 
pPD70236 addresses a device with an 8-bit data path. If 
the pPD70236 operand is 16 bits wide and BS8/BS16 is 
low, then the pPD70236 will perform two 8-bit bus 
cycles. The current bus cycle will handle the low byte on 
Dq-D 7 , and the next bus cycle will handle the upper byte 
also on Dq-D 7 . This input is ignored during HLDAK, 
interrupt acknowledge, and coprocessor cycles. 

BS8/BS16 is sampled on the rising (middle) edge of T2 or 
the last TW state, coincident with READY This input is 
not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 



BUFEN (Buffer Enable) 

This signal is output to enable an external buffer, and 
becomes active during the read cycle, interrupt acknowl- 
edge cycle, and write cycle. It does not become active 
while the internal I/O is being accessed. 

BUSLOCK (BUS Lock) 



BUSLOCK should be used by external logic to exclude 
any other bus master (e.g., a DMA controller) from using 
a shar ed resource that the jiPD70236 currently is using. 
When BUSLOCK is asserted high, HLDRQ will be ig- 
nored. 



BUSLOCK is asserted when the BUSLOCK prefix is 
executed or when the pPD70236 is performing a bus 
operation that must not be in terfered w ith, such as an 
interrupt acknowledge cycle. BUSLOCK has the same 
timing as the address bus A0-A23 and is driven high 
during HLDAK and RESET 

BUSST0-BUSST2 (Bus Status) 

These three pins encode and output information identi- 
fying the type of bus cycle currently being executed. 
They enter the high-impedance state in the bus ho]d 
mode. These pins are used with the M/iO and R/W 
signals, as shown in table 2. 
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Table 2. 


Bus Cycles 






M/R5 R/W BUSST2 BUSST1 


BUSSTC 


Bus Cycle 


1 











Interrupt acknowledge 
cycle (from SLAVE) 


1 


1 








Interrupt acknowledge 
cycle (from ICU) 


1 








1 


External I/O read cycle 


1 


1 





1 


Internal I/O read cycle 








o 


1 


External I/O write cycle 





1 





1 


Internal I/O write cycle 


1 





1 





Coprocessor read cycle 








1 





Coprocessor write cycle 








1 


1 


Halt acknowledge cycle 



1 1 











Instruction fetch cycle 


1 1 


1 








Refresh cycle 


1 1 








1 


CPU memory read cycle 


1 1 


1 





1 


DMA read transfer cycle 


1 








1 


CPU memory write cycle 


1 


1 





1 


DMA write transfer cycle 


1 1 





1 





Coprocessor memory 
read cycle 


1 





1 





Coprocessor memory 
write cycle 


1 1 


1 


1 


1 


DMA cascade 


Interrui 


rtAck 


nowledc 


je Cycle 


i (from SLAVE). This cy- 



cle is the second interrupt acknowledge cycle during 
which an interrupt request from a slave interrupt control 
unit (ICU) is acknowledged. During this cycle, the data 
output by an external interrupt controller is processed 
as a vector. The bus sizing function cannot be eff ected in 
this cycle. The programmable wait function and READY 
signals are both valid, however. 

Interrupt Acknowledge Cycle (from ICU). This cycle is 
output during the first interrupt acknowledge cycle, dur- 
ing which an interrupt request for a non-slave ICU is 
acknowledged. During this acknowledge cycle, the data 
output by the internal ICU is processed as a vector, and 
the bus sizing function ca nnot be effected. The program- 
mable wait function and READY signal are both valid, 
however. 

External I/O Read Cycle. This cycle is output when an 
external I/O area is read by executing the IN instruction. 
During this cycle, the bus sizing function can be ef- 
fected. Also, the programmable wait function and 
READY signal are both valid. 

Internal I/O Read Cycle. This cycle is output when the 
internal I/O area is read by executing the IN instruction. 



The bus sizing function cannot be effec ted. Both the 
programmable wait function and READY signal are in- 
valid. However, two wait state clocks are automatically 
inserted into all internal I/O area cycles except those for 
the address expansion table and address expansion flag. 

External I/O Vfrlte Cycle. This cycle is output when an 
external I/O area is written by executing the OUT in- 
struction. The bus sizing function can be effe cted. Also, 
the programmable wait function and READY signal are 
both valid. 

Internal I/O WHte Cycle. This is output when the inter- 
nal I/O area is written by executing the OUT instruction. 
The bus sizing function cannot be effec ted. Both the 
programmable wait function and READY signal are in- 
valid. However, two wait state clocks are automatically 
inserted into all internal I/O area cycles except those for 
the address expansion table and address expansion flag. 

Coprocessor Read Cycle. This cycle indicates that an 
external coprocessor is accessed for data read when a 
coprocessor instruction is executed. The bus timing and 
ac characteristics of this cycle are the same as those of 
the ordinary I/O read cycle. 

Although the bus sizing function cannot be effected, 
coprocessor operations are not guaranteed if the bus 
sizing function is used. Th e programmable wait function 
is invalid, but the READY signal is valid. 

Coprocessor Vfrite Cycle. This cycle indicates that an 
external coprocessor instruction is executed. The bus 
timing and ac characteristics of this cycle are the same 
as those of the ordinary I/O write cycle. 

Although the bus sizing function can be effected, copro- 
cessor operations are not guaranteed if the bus sizing 
function is us ed. The programmable wait function is 
invalid, but the READY signal is valid. 

Halt Acknowledge Cycle. This cycle is output when the 
HALT instruction is executed. During this bus cycle, the 
DSTB pin does not output a low level. The bus sizing 
function cannot be effec ted. Both the programmable 
wait function and READY signal are invalid. 

Instruction Fetch Cycle. This cycle indicates that an 
instruction is being fetched. The bus sizing function can 
be effec ted. Also, the programmable wait function and 
READY signal are both valid. 

Refresh Cycle. This cycle indicates that DRAM refresh- 
ing is in progress. T he b us sizing function cannot be 
effected. (Note that BS8/BS16 must b e 16 bits.) The 
programmable wait function and READY signal are both 
valid. 

CPU Memory Read Cycle. This cycle is output when the 
CPU reads data from memory. The bus sizing function 
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can be effe cted. Also, the programmable wait function 
and READY signal are both valid. 

DMA Read Transfer Cycle. This cycle is output when 
DMA transfer (that is, data transfer from memory to I/O) 
takes place. The bus sizing function c annot be effected. 
The programmable wait function and READY signal are 
both valid. 

CPU Memory Write Cycle. This cycle is output when the 
CPU writes data to memory. The bus sizing function can 
be effec ted. Also, the programmable wait function and 
READY signal are both valid. 

DMA Write Transfer Cycle. This cycle is output when 
write DMA transfer (that is, data transfer from I/O to 
memory) takes place. The bus sizing function ca nnot be 
effected. The programmable wait function and READY 
signal are both valid. 

Coprocessor Memory Read Cycle. This cycle is output 
when data read from memory is sent to the coprocessor. 
Although the bus sizing function cannot be effected, 
coprocessor operations are not guaranteed if bu s sizing 
is used. The programmable wait function and READY 
signal are both valid. 

Coprocessor Memory Write Cycle. This cycle is output 
when data for a coprocessor is written to memory. The 
CPU does not drive the data bus. Instead, the coproces- 
sor drives the data bus to write data to memory. 

Although the bus sizing function cannot be effected, 
coprocessor operations are not guaranteed if the bus 
sizi ng functi on is used. The programmable wait function 
and READY signal are both valid. 

DMA Cascade. This cycle indicates that the DMA is 
cascade connected to an external slave DMA controller. 
During this cycle, the buses are relinquished. 

CLKOUT (Clock Output) 

This pin outputs a square-wave clock pulse. The fre- 
quency of the output clock pulse is obtained by dividing 
the frequency of the clock signal input to the X1 and X2 
pins by a specific value. The duty factor of the output 
clock pulse is 50%. The output frequency is the same as 
the operating frequency of the CPU (programmable to 
one-half, one-fourth, one-eighth, or one-sixteenth of the 
oscillation frequency). 



CPBUSY (Coprocessor Busy) 



CPBUSY is sampled on the falling edge of each clock. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold times 
must be met. 

If a cop rocessor is not connected to the /&PD70236, 
CPBUSY should be grounded. 

CTS (Clear to Send) 

This is a serial transmission control input pin. The SCU is 
ready for data transmission when bit of the SCM 
register is set to 1 and this pin is at low level. When this 
pin is made high while data transmission is in progress, 
transmission is stopped after the current data has been 
completely transmitted, and the TxD pin goes high. 

Do-D-15 (Data Bus) 

These pins constitute a data bus that inputs or outputs 
write data and read data when the external main mem- 
ory or I/O device is accessed. The data bus is in the input 
mode during any bus cycle other than a write cycle. 
During the write bus cycle, the bus outputs data starting 
from the rising edge of the T1 clock until the cycle 
following the write bus end cycle. 



DMAAK0-DMAAK3 (DMA Acknowledge) 

These pins output active-low DMA acknowledge signals 
from channels to 3 of the internal DMAU. 

DMARQ0-DMARQ3 (DMA Request) 

These pins input active-high DMA request signals from 
channels to 3 of the internal DMA control unit (DMAU). 

DSR (Data Set Ready) 

This is a general-purpose input pin. The status of this pin 
can be determined by reading bit 7 of the serial status 
(SST) register. 



CPBUSY is asserted low by a coprocessor (such as 
pPD72291) when it is busy with an internal operation; 
The *iPD70236 uses this pin to check the status of the 
coprocessor. 



DSTB (Data Strobe) 

This is a strobe signal for read and write operations. The 
signal does not go low during the halt acknowledge cycle 
that indicates that the HALT instruction has been exe- 
cuted. When the buses are placed in the hold state, the 
DSTB pin enters the high-impedance state. The signal 
output timing of this pin differs depending on whe ther a 
read or write operation is performed. The DSTB signal 
does not go low when the internal I/O area is accessed. 

DTR (Data Terminal Ready) 

This is a general-purpose output pin. The status of this 
pin can be set by bit 1 of the SCM register. 
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END/TC (End/Terminal Count) 

This pin inputs the END signal to or outputs the TC 
signal from the internal DMAU. 

END Input. When a low-level pulse is input to this pin 
during DMA transfer, the DMA service under execution 
is terminated after the current bus cycle is over. 

TC Output. When the count register of the DMAU 
channel currently performing DMA transfer becomes 
0, and when the DMA transfer has been performed the 
specified number of times, the TC pin outputs a low- 
level pulse. 

H LDAK (Hold Acknowledge) 

This is an acknowledge signal that indicates that the 
V53 has accepted the HLDRQ signal, placed the ad- 
dress, data, and control buses in the high-impedance 
state, and relinquished the buses to an external device. 
The external devices that can acquire the buses are 
assigned the following priority. 

REFU (highest priority) 

DMAU 

HLDRQ 

CPU 

REFU 

If a bus hold request takes place while the buses are idle 
(Tl state), during the CPU bus cycle, or during lowest- 
priority refresh cycle, the HLDRQ signal is accepted 
immediately after the bus cycle is over and the buses 
are relinquished. 

If a DMA request or top-priority refresh request is 
generated while the buses are in the hold state, the 
HLDAK signal is forcibly made inactive. In this case, the 
external device must return control of the bus to the 
V53 (making the HLDRQ signal inactive). Therefore, the 
high-level width of the HLDAK signal when it is made 
inactive forcibly is 1 clock minimum. 

HLDRQ (Hold Request) 

HLDRQ is asserted high by external logic when an 
external bus master (e.g., a DMA controller) wants to 
take over the /;PD70236 bus. When HLDRQ is detected 
high, thepPD70236 will release the bus after the current 
bus operation is completed. Note that this is not 
necessarily the current bus cycle. The /;PD70236 re- 
leases its bus by floating the address, data, and control 
buses. 

HLDRQ is sampled o n the rising edge of each clock. It 
will be ignored while BUSLOCK is asserted. This input 



is not internally synchronized. To ensure proper device 
operation, minimum setup and hold times must be met. 

INTAK (Interrupt Acknowledge) 

This is an active-low acknowledge signal for a maskable 
interrupt. 

INTP0-INTP7 (Interrupt from Peripherals) 

These are asynchronous interrupt request input pins 
for the internal interrupt control unit (ICU). The input 
signals can be triggered either at the rising edge or at 
high level. The priority of these signals can be fixed or 
rotated. These interrupt request inputs are also used to 
release the HALT and STOP modes. 



IORD (I/O Read) 

This active-low read signal goes low during the I/O read 
cycle. This signal is also output when write DMA trans- 
fer is performed. However, it is not output during the 
CPU's internal I/O read cycle. 



IOWR (I/O Write) 

This is an active-low write signal that goes low during 
the I/O write cycle. This signal is also output when read 
DMA transfer is performed in two output timing modes: 
the expansion write mode and the ordinary write mode. 
It is not output during the CPU's internal I/O write cycle. 

M/iO (Memory I/O) 

This pin indicates whether a memory or other device 
(such as an I/O device or coprocessor) is currently 
accessed. The device to be accessed is determined by 
this pin and the BUSSTO and BUSST1 signals. The M/IO 
pin enters the high-impedance state in the bus hold 
mode. Its status changes at the falling edge of the T1 
clock. 



MRD (Memory Read) 

This is an active-low read signal that goes low during a 
read cycle in which data is read from memory. This 
signal is output not only during the CPU's memory 
read, but also during the refresh cycle and when read 
DMA transfer is performed. 



MWR (Memory Write) 

This active-low write signal goes low when the memory 
write cycle is in progress. This signal is output not only 
during the CPU's memory write cycle, but also during 
the write DMA transfer and when write DMA transfer is 
performed in two output timing modes: the expansion 
write mode and the ordinary write mode. 
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NMI (Nonmaskable Interrupt Request) 

NMI is asserted by external logic to notify the CPU that 
an external even t requires the CPU's immediate atten- 
tion. When NMI is sampled low, interrupt processing 
will begin immediately after the current instruction is 
completed. A trap will be taken through vector 2. The 
state of the IE bit in the PSW has no effect on NMI 
acceptance. 

NMI is sampled on the falling edge of each CPU clock. 
This input is not internally synchronized. To ensure 
proper device operation, minimum setup and hold 
times must be met. 

Interrupt processing begins imm edia tely after the end 
of the current instr uctio n. Once NMI processing com- 
mences, no further NMI re quest s will be accepted until 
termination of the current NMI routine, which is indi- 
cated by the RETI instruction. 

PCLKOUT (Peripheral Clock Output) 

This pin outputs a square-wave clock pulse with a 
frequency one-fourth the frequency of the clock signal 
input to the X1 and X2 pins. The duty factor of the 
output clock pulse is 50%. 



READY (System Ready) 



The READY signal is asserted low when the external 
syste m is rea dy for the current bus cycle to terminate. 
While READY is not asserted, the/;PD70236 will add TW 
(wait) states t o the current bus cycle. The bus state in 
which READY is sampled low will be the last state of the 
cycle. 



During CPU read cycles, READY gives slow devices 
time to drive the D0-D7 inputs, and during write cycles 
gives slow devices enough time to finish the write 
operation. 



The READY input is sampled on the rising (middle) 
edge of T2 and all TW states. It is ignored during the 
HLDAK state. This input is not internally synchronized. 
To ensure proper device operation, minimum setup and 
hold times must be met. 



REFRQ (Refresh Request) 

This signal is asserted during refresh cycles. 



RESET (Reset) 

This signal initializes the processor. The processor is 
reset when this signal is held low for six clocks or longer 
and then returned to the high level. 



RESOUT (Reset Output) 

This pin outp uts an active-high signal which i£ an 
asynchronous RESET signal synchronized with the 
internal clock. This signal can be used to reset the 
system. 



RTS (Request to Send) 

This is a general-purpose output pin. The status of this 
pin can be set by bit 5 of the serial command (SCM) 
register. 

R/W (Read/Write) 

Thjs pin indicates whether the current bus cycle is a 
read cycle or a write cycle. This pin is valid only while a 
bus cycle is being executed, and goes high if the 
current bus cycle is a read cycle or during an interrupt 
acknowledge cycle; it jgoes low if the current bus cycle 
is a write cycle. The R/W pin enters the high-impedance 
state in the bus hold mode. The level of this pin 
changes at the falling edge of the T1 clock. 

RxD (Receive Data) 

When the serial control unit does not receive data, this 
pin is at high level (mark state). When the pin detects a 
start bit, the SCU starts receiving serial data from an 
external device. 

RxRDY (Receive Ready) 

When the serial control unit has received one character 
of data, and when that data is transferred to the receive 
data buffer (that is, when the receive data is ready to be 
read), this pin goes high. 

SINT (Serial Interrupt) 

This signal becomes active to output an interrupt 
request signal from the SCU when the transmit data 
buffer of the SCU is empty and when the i nterrupt of the 
transmitting side is not masked, or when it contains the 
SCU's receive buffer data to be read and the receive 
interrupt is not masked. 

TCLK (Timer Clock) 

This pin inputs a clock pulse from an external source to 
the internal timer/counter unit (TCU). When the system 
is initialized, either the external clock or the internal 
clock is selected to be supplied to the TCU. 

TCTL0-TCTL2 (Timer Control) 

These pins input control signals to the three TCU 
counters. The functions of the control signals input 
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through these pins differ depending on the mode (six 
modes are available) set by the TCU. 

TOUT0-TOUT2 (Timer Output) 

These are output pins for the internal timer/counter unit. 
The TCU outputs signals through these pins in six 
different modes. 

TxD (Transmit Data) 

When the serial control unit (SCU) has no data to be 
transmitted to an external device, this pin is at high level 
(mark state). When transmit data is set in the SCU, the 
TxD pin automatically outputs a start bit, serial data that 
has been set in the SCU, a parity bit, and 1 or 2 stop bits. 

UBE (Upper Byte Enable) 

When the microprocessor accesses external main mem- 
ory or an I/O device that requires the upper 8 bits 
(Ds-Di 5 ) of the data bus, this pin goes low at the falling 
edge of the T1 clock, enabling the upper byte on the bus. 
The lower 8 bits (D0-D7) of the data bus are controlled by 
the Aq pin as shown in the following table. 

UBE Ao Operation 

16 bits accessed 

1 Upper 8 bits accessed 

1 Lower 8 bits accessed 

1 1 Second cycle (for use with bus sizing 

function) 

When dynamic bus sizing is used to make a 16-bit 
acce ss into an 8-bit, Ao must be used as an address bit; 
UBE can be ignored. 

X1,X2 (Crystal) 

To use the internal clock generator, connect a crystal 
with a frequency twice the operating frequency across 
these pins. When using an external clock generator, 
input square waves with a frequency twice the operating 
frequency to the X1 pin. To the X2 pin, make the input 
signal 180° out of phase (an inverter output) with the 
signal input to the X1 pin. 

UNIT OPERATION 

Central Processing Unit (CPU) 

The fiPD70236 CPU is a high-performance engine whose 
performance surpasses most other 16-bit CPUs. To 
achieve this performance level, hardwired data path 
control was used (no microcode) so that instruction 
execution times are greatly reduced. 



The fiPD70236 CPU has functions equivalent to those of 
the fiPD701 36 (V33) and is therefore completely software 
compatible with the V33. The pPD70236 instruction set 
is upward compatible with the native modes of the V20, 
V30, V40, and V50. 

Clock Generator (CG) 

The clock generator divides the oscillation frequency of 
the crystal or external oscillator connected across pins 
X1 and X2 by 2, 4, 8, or 16 to generate a clock that is 
supplied to the CPU as an operation clock and to an 
external device through the CLKOUT pin. A clock having 
a frequency one-fourth the oscillation frequency is also 
output to the PCLKDUT pin. 

Bus Interface Unit (BIU) 

The bus interface unit controls the pins of the address 
bus, data bus, and control bus, which are used by the 
CPU, DMA unit (DMAU), and refresh control unit (REFU). 

Bus Arbitration Unit (BAU) 

The bus arbitration unit arbitrates the internal bus mas- 
tership. The priority of the bus mastership is: 



CPU with BUSLOCK (highest priority) 

REFU of top priority 

DMAU 

HLDRQ 

Ordinary CPU 

REFU of lowest priority 

Wait Control Unit (WCU) 

The function of the wait control unit is to insert wait 
states equivalent to to 7 clocks automatically into the 
memory, I/O, DMA, and refresh cycles. The 16M-byte 
memory space can be divided into three blocks. In 
addition, any 1 M-byte memory space can also be divided 
into three blocks. 

Refresh Control Unit (REFU) 

The REFU supports the DRAM refresh operation by 
generatin g 16-bit refresh addresses and a refresh signal 
(REFRQ) indicating that the refresh cycle is currently 
taking place. 

Timer/Counter Unit (TCU) 

The timer/counter unit of the /aPD70236 performs the 
same functions as the jiPD71054. it provides a set of 
three independent 16-bit timer/counters. 
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Serial Control Unit (SCU) 

The |*PD70236 SCU has the same functions as the 
jtPD71051 except the synchronous mode for supporting 
RS-232C protocol. This SCU is equipped with a dedi- 
cated baud rate generator. 

The SCU provides serial communications functions of 
the start-stop synchronization type. Commands for the 
SCU in the V53 are similar to those of the pPD7l051 
except that the V53 uses two registers— SCM (serial 
command) register and SMD (serial mode) register— to 
implement the functions of the control word register of 
thejiPD71051. 

Interrupt Control Unit (ICU) 

The ICU in the V53 has the same functions as those on 
the jiPD71059 except the V53 does not have the CALL 
mode (8085 mode) or the slave mode of cascade con- 
nection. The |tPD70236 ICU has eight external interrupt 
input pins and can arbitrate up to eight interrupt re- 
quests. The number of external interrupt inputs can be 
increased by cascade connecting the ICU to an external 
interrupt controller. 



Unlike the ^PD71059, mPD70208, and ^PD70216, the 
INTPO to INTP7 pins in the V53 do not have internal 
pullup resistors to reduce current dissipation. 

DMA Control Unit (DMAU) 

The DMAU on the /xPD70236 functions the same as the 
DMAUs on the /iPD7l07l and *iPD71037 and, therefore, it 
can operate in two modes faPD71071 mode and 
/iPD71037 mode). You can set the operation modes using 
a register in the system I/O area. 

In pPD71071 mode, source and destination addresses 
are 24 bits. In pPD7l037 mode, source and destination 
addresses are 16 bits. To extend these addresses to 20 or 
24 bits, four 8-bit bank registers are provided. These 
registers supply the upper address bits. 

The DMA unit provides four channels of /iPD71071- 
compatible or jtPD71037-compatible DMA. External 
hardware requests DMA cycles via the DMA request 
inputs. DMA is always between an I/O device and mem- 
ory (fly-by style DMA). External DMA controllers may be 
cascaded using the V53 DMAU. 
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/iPD70236 Block Diagram 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

T A = + 25°C 




Power supply voltage, Vrjrj 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.3 V 


Clock input voltage, V« 


-0.5toV DD + 1.0 V 


Output voltage, Vo 


-0.5 to V DD + 0.3 V 


Output short circuit current, \q 


50 mA 


t Operating temperature, Tqpt 


-10 to + 70°C 


Storage temperature, Tqtg 


-65 to +150°C 



t Devices with a rating of -40 to + 85°C are available. Contact NEC 
for dc and ac characteristics. 

Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. 



DC Characteristics 

T A = -10 to + 70°C; V DD = +5 V 


±10% 










Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


Input voltage, high 


V|H 


2.2 


V DD + 0.3 


V 


Except RESET 




0.8 V DD 




V 






RESET 


Input voltage, low 


V|L 


-0.5 


0.8 


V 


Except RESET 






0.2 V DD 


V 


RESET 


Clock input voltage, high 


V K H 


0.8 V DD 


V DD + 0.5 


V 




Clock input voltage, low 


v K l 


-0.5 


0.6 


V 




Output voltage.high 


VoH 


0.7 V DD 




V 


Iqh = -400 /L/A 


Output voltage, low 


Vol 




0.45 


V 


Iql = 2.5 mA 


Input leakage current, high 


•lih 




10 


/iA 


V| = v DD 


Input leakage current, low 


Ilil 




-10 


AiA 


V| = ov 


Output leakage current, high 


'loh 




10 


Ilk 


v = v DD 


Output leakage current, low 


'lol 




-10 


ilk 


v = ov 


Supply current 


■dd 




13 f + 40 


mA 


Operating; f = 2 to 16 MHz 






40 


mA 


HALT mode 






TBD 


ma 


STOP mode 



Voltage Thresholds lor Timing Measurements 



AC (except CLK) 



Signal Inputs 
(except CLK) 



CLK Input 



X2.2V 2.2 V W" 

0.8 V 0.8 V A 



AC test input measuring point 



X2.2V 
0.8 V 



SXZ 
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AC Characteristics 

T A = -10 to + 70°C; V DD = 5 V ±10%; C L of output terminals 
100 pF max 



Parameter 



Symbol 



Min 



Max Unit 



Param' 



Min 



Max Unit 



Clocks (figure 1) 



CLKOUT period 



*CYK 



62.5 



50^ 



CLKOUT high-level t K H 

width 

CLKOUT low-level 
width 

CLKOUT rise time 

CLKOUTfalltime 



0.5 tr 






X1 input peric 

X1 input high-level 
width 

X1 input low-level 
width 

X1 input rise time 



~«S&»*~* 



X1 inputfall time 


tXKF 




5 


ns 


X1 to CLKOUT delay 


l DXK 




20 


ns 


PCLKOUT period 


*CYPK 


125 


1000 


ns 


PCLKOUT high-level 
width 


tpKH 


4 t CY K - 7 




ns 


PCLKOUT low-level 
width 


*PKL 


4 t CY K - 7 




ns 


PCLKOUT rise time 


tpKR 




7 


ns 


PCLKOUT fall time 


tpKF 




7 


ns 


Reset (figure 2) 


RESET setup time vs 
CLKOUT \ 


*SRSTK 


30 




ns 


RESET hold time vs 
CLKOUT i 


*HKRST 


15 




ns 


RESET low-level width 


tWRSTL 


6 




tcYC 


RESOUT delay from 
CLKOUT 1 


*DKRO 





40 


ns 


Write, Read (figures 3-12, 16-19,23-24, 28, 


31) Note 2 




BCYST delay from 
CLKOUT 4 


bKBC 


5 


40 


ns 


BCYST low-level width 


tBCBCL 


tCYK-10 




ns 


BCYST high-level 
width 


*BCBCH 


tCYK (n+ 1) - 


10 


ns 


Address delay from 
CLKOUT i 


*DKA 


5 


40 


ns 


Control 2 delay from 
CLKOUT 


l DKCT2 





40 


ns 


Status delay from 
CLKOUT 1 


*DKST 


5 


40 


ns 



'DKMR 



Notes: 



50 







40 


ns 




10 




ns 




T 




ns 






40 


ns 







40 


ns 



40 



■.KOUTtoMWR 
delay 


tDKMW 





40 


ns 


CLKOUT t to DSTB t 


tpKDSH 


5 


40 


ns 


Address/status output 
delay to DSTB 1 


tDADSL 


*KKL + *KR " 


■15 


ns 


Address/status hold 
time from DSTB t 


^DSHA 


*KKL + *KR " 


-15 


ns 


Data output delay 
from DSTB t 


toDSHD 


*KKL + *KR " 


-15 


ns 


Data output delay 
from address/status 
output 


*DAD 


*KKL + *KR " 


-15 


ns 


Data output delay 
from CLKOUT t 


l DKD 


5 


40 


ns 


Data setup time to 
CLKOUT 1 


l SDK 


7 




ns 


Data hold time from 
CLKOUT 1 


tHKD 


10 




ns 


Data hold time from 
DSTBT 


*HDSD 







ns 


Data hold time from 
change point of 
address or status 


tHASD 







ns 


Dat hold time from 
R/WT 


''hrwd 







ns 


READY setup time to 
CLKOUT t 


tSRYK 


7 




ns 


READY hold time from 
CLKOUT t 


^KRY 


15 




ns 



(1) tcYC - cpu c l° c k period 
n = number of wait states 

(2) The clock-to-signal delays in the -10 (10 MHz) and -12 (12.5 MHz) 
parts are 45 ns compared to 40 ns in the -16 (16 MHz) part. For 
full electrical characteristics of the -10 and -12 parts, contact 
NEC. 
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AC Characteristics (cont) 



Parameter 



Symbol 



Min 



Max Unit 



Parameter 



Bus Sizing (figures 13, 14) 



.<?«/•<■ 



BS8/BS16 setup time 
to CLKOUT t 



tSBSK 



BS8/BS16 hold time 
from CLKOUT t 

Bus Hold (figure 

HLDRQ setup tirr 
CLKOUT t 

HLDRQ hold tin: 
form CLKOUT t 

CLKOUT t to HLDAh 
delay 

Output floating to 
HLDAK delay 



OawS^, otto «in9 se 






\Y\e \tf 



lh\s 



Min 


Max 


Unit 












ns 






ns 




500 


ns 




') 





data 



boo* 



T DFh,. 



Input Setup and Hold (figure 1b, 



NMI, INTP0-INTP7, 
CPBUSY setup time 
to CLKOUT I 


*SIK 


10 




ns 


NMl, INTP0-INTP7, 
CPBUSY hold time 
from CLKOUT 1 


tmcr 


10 




ns 


Timer/Counter Unit TCU (figures 


20-21) 






TCTL0-TCTL2 setup 
time to CLKOUT i 


*SGK 


50 




ns 


TCTL0-TCTL2 hold 
time from CLKOUT 1 


*HKG 


100 






TCTL0-TCTL2 low-level 
width 


*GGL 


50 




ns 


TCTL0-TCTL2 high- 
level width 


^GH 


50 




ns 


TOUT0-TOUT2 output 
delay from CLKOUT I 


tDKTO 




100 


ns 


TCLK period 


*CYTK 


100 




ns 


TCLK rise time 


tTKR 




15 


ns 


TCLK fall time 


*TKF 




15 


ns 


TCLK low-level width 


tTKTKL 


45 




ns 


TCLK high-level width 


tTKTKH 


30 




ns 


TCTL0-TCTL2 setup 
time to TCLK t 


*SGTK 


50 




ns 


TCTL0-TCTL2 hold 
time from TCLK t 


^TKG 


100 




ns 


TOUT0-TOUT2 output 
delay from TCLK 1 


tDTKTO 




100 


ns 


TOUT0-TOUT2 output 
delay from TCTL i 


^GTO 




100 


ns 



DMAAK0-l)MAAK3 
delay 



l DKHDA 



40 



40 



40 



IORD 1, IOWR 1 delay 
from DMAAK0- 
DMAAK3 i 


*DDARW 


*KKH - 30 




ns 


DMAAK0-DMAAK3 t 
delay from IORD t 


l DRHDAH 


*KKH " 30 




ns 


CLKOUT to control 1 
delay 


*DKCT1 





40 


ns 


IORD t delay to IOWR 

T 


*DWHRH 


5 


40 




TC output delay from 
CLKOUT t 


l DKTCL 





40 


ns 


TC off output delay 
from CLKOUT t 


tDKTCF 





40 


ns 


TC pullup delay from 
CLKOUT t 


tDKTCH 





40 


ns 


TC low-level width 


*TCTCL 


tcYC ~ 15 




ns 


END setup time to 
CLKOUT t 


tSEDK 


35 




ns 


END low-level width 


tEDEDL 


100 




ns 


IORD, MRD low-level 
width 


*RR 


2t CY c ~ 40 






JOWR, MWR low-level 
width (Expanded 
write) 


t W wi 


2tcYC " 40 






IOWR, MWR low-level 
width (Normal write) 


tWW2 


tcYC ~ 40 






DMARQ0-DMARQ3 
setup time to 
CLKOUT t 


tSDQK 


15 




ns 


CLKOUT i to 

DMAAK0-DMAAK3 

delay 


*DKLDA 





45 


ns 


Interrupt Control Unit, ICU (figure 27) 


INTP0-INTP7 low-level 
width 


tlPIPL 


100 




ns 
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Figure 1. Clock Timing 
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Figure 3. Baste Write (0 Wait) 
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Figure* Basic Write (1 Wall) 
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Figure 5. Basic Read (0 Wait} 
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Figure 6. Basle Read (1 WalQ 
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Figure 7. External I/O Read (0 Wait) 
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Figure 8. External I/O Read (1 Wall) 
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Figure 9. External I/O Write (0 miff 
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Figure 10. External I/O Write (1 Wait) 
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Figure 1 1. Interna/ I/O Read 
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Figure 12. Internal I/O Write 
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Figure 13. Bus Sizing (0 Wait) 
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Figure 14. Bus Sizing (1 Walt) 
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Figure 15. Input Setup/Hold 
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Figure 16. Bus Lock 
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Figure 17. Bus Hold 
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Figure 18. Interrupt Acknowledge (Single Mode) 



T1 T2 TW TW T1 T1 T2 TW TW 



zx 



/ 



\ 



/ 



>: 



i 



A 



J 



X 



Do -D15 



-I 



7 



'DKCT2 l SRYK 



X 



A 



{ 



Hi-Z 



\ 



/ 



R/W, M/IO, BUSSTO, BUSST1 , BUSST2, UBE, AEX 



A 



X 



J 



'DKCT2 



X 



X 



X 



-I 



/ 



31 



jurPD70236 (V53) 



NEC 



Figure 19. Interrupt Acknowledge (Cascade Mode) 
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Figure 20. Timer/Counter Unit (TCU) 
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Figure 21. Serial Control Unit (SCU) 
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Figure 22. Refresh Timing 
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Figure 23. DMA Timing 1 
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Figure 24. DMA Timing 2 
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Figure 25. DMA Timing 3; Cascade Mode (normal Operation) 
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Figure 26. DMA Timing 4; Refresh Cycles To Be Inserted 
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Figure 28. Memory Write for Coprocessor (0 Walt) 
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Figure 29. Memory Write for Coprocessor (1 Walt) 
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Figure SO. Memory Reed for Coprocessor (o Walt) 
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Figure 31. Memory Read for Coprocessor (1 Wait) 
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FUNCTIONAL OPERATION 

The mPD70236 is described under these major headings. 

• Central Processing Unit 

• Clock Generator 

• Bus Operation 

• System Control I/O 



• Wait Control Unit 

• Refresh Control Unit 

• Timer/Counter Unit 

• Serial Control Unit 

• Interrupt Control Unit 

• DMA Control Unit 

• Power Conservation 



Figure 32. 


CPU Block Diagram 
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CENTRAL PROCESSING UNIT (CPU) 

Architecture 

A unique hardware architecture feature of the CPU is that 
it contains no microcode. Instruction decode and data 
path control are implemented using logic and small 
independent state machines. This greatly enhances in- 
struction execution speed. The V53 is four times faster 
than the V30. 

The CPU comprises the execution unit and the address 
generator. Figure 32 is the CPU block diagram. 

CPU Execution Unit 

The execution unit consists of a register file, an ALU, and 
instruction decode and execution control logic. 

In addition to the hardware control logic, the most 
significant feature of the execution unit is a dual-bus 
internal data path (figure 33). The ALU and many regis- 
ters are dual ported with a data bus on each port. This 
allows two operands to be transferred in one clock cycle 
instead of two. Performance is improved as much as 
30% by the dual data bus concept. 

Figure 33. Dual Data Buses 
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Register File. There are 12 registers in the internal RAM. 
Four are temporary registers used in the execution of 
certain instructions (LC, TA, TB, and TC). The other eight 



are general-purpose registers (AW, BW, CW, DW, IX, IY BP, 
and SP). These contain either operand data or point-to- 
operand data in memory. 

The temporary registers speed up instruction execution 
by serving as scratch pad registers during complex 
operations. 

The loop counter (LC) is used during primitive block 
transfer operations. It contains the count value. It is also 
a shift counter for multiple-bit shift and rotate instruc- 
tions. 

Temporary registers TA, TB, and TC are inputs to the 
ALU. They are used as temporary registers/shifters dur- 
ing multiply, divide, shift/rotate, and BCD rotate opera- 
tions. 

ALU. The ALU consists of a complete adder and logical 
operation unit. It executes arithmetic (ADD, SUB, MUL, 
DIV, INC, DEC, NEG, etc.) and logical (TEST, AND, OR, 
XOR, NOT, SET1, CLR1, etc.) instructions. 

Data Path Control Logic. This logic comprises the 
main instruction decoder and the execution control 
blocks. Its purpose is to determine which operations 
must be done and to schedule them. It transfers oper- 
ands, as required, and controls the ALU. State machines 
implement long, complex instructions. 

Instruction Prefetching. The V53 is a pipelined ma- 
chine. To keep the pipeline running efficiently, it should 
be kept full of instructions in various stages of execu- 
tion. Instructions are fetched before they are needed and 
placed in the instruction processing queue (I PQ). 

Data in the IPQ is broken out by the decoder logic to 
determine what addressing modes will be used and what 
CPU resources are required to execute the prefetched 
instruction. To keep the 8-byte IPQ full, the bus control 
logic schedules an instruction prefetch cycle whenever 
there are at least 2 unused bytes in the IPQ. 

The IPQ is cleared whenever a control transfer instruc- 
tion (any branch, call, return, or break is executed). This 
is done because a different instruction stream will be 
used following a control transfer, and the IPQ will then 
contain instruction data that will never be used. When 
this happens, the V53's pipeline is emptied and perfor- 
mance is reduced. To maximize performance, the num- 
ber of control transfers should be minimized. 

Effective Address Generator. The effective address 
generator (EAG) logic computes a 16-bit effective ad- 
dress for each operand. This address is an offset into one 
of the four segments. Refer to figure 34. This effective 
address is passed on to the address modifier adder. The 
EAG decodes the first byte(s) of each instruction to 
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determine the addressing mode and initiates any bus 
cycles required to fetch pointers/offsets from memory. 
Effective addresses are calculated in a maximum of 1 
clock period as compared with 5 to 12 clocks for a 
microprogrammed machine. 

Figure 34. Effective Address Generator 
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Address Generator 

The address generator comprises the address register 
file, the address modifier (ADM), the address translation 
table, and the needed control logic. 

The registers in the address register file are PS, SS, DSO, 
DS1, PC, and PFP. The ADM is a dedicated adder that 
adds one of the segment registers to the effective ad- 
dress to produce the 20-bit normal address. The ADM 
also increments the prefetch pointer. If extended ad- 
dressing is enabled, the address translation table is 
accessed to map the 20-bit address into a 24-bit ex- 
tended address. 

For instruction stream data, addresses are generated 
differently. The prefetch pointer contains a 16-bit offset 
into the PS segment that points to the next instruction 
word to be prefetched. The program counter contains an 
offset into the PS segment that points to the instruction 
that is currently being executed. As part of all control 
transfers, the PFP is set to the same value as the PC. 

CPU Addressing Mechanism 

The V53 is completely compatible with the jiPD70108/1 16 
in its addressing modes and in the way that addresses 
are computed. It offers a method of expanding the 
memory address space to 16M bytes. 

The I/O space is 64K bytes (16-bit address). The normal 
memory address space is 1 M byte (20-bit address), and 
the expanded address space is 16M bytes (24-bit ad- 
dress). See figure 35. Expanded addressing is enabled or 
disabled using the BRKXA and RETXA instructions. 

The memory space is accessed when an instruction uses 
a memory addressing mode. Memory addresses are 



calculated as described below. The I/O space can only 
be accessed through the IN, OUT, INM, and OUTM 
instructions. 

Certain areas of the V53 address spaces (physical for 
normal mode and logical for expanded addressing 
mode) are reserved. . Memory addresses 0-3FCH are 
used for the interrupt vector table (figure 35) located in 
the interrupt operation section. Memory addresses 
FFFFOH-FFFFFH must contain a branch to boot code; 
PC, PFP, and PS are initialized at RESET to point to this 
area. 

I/O addresses FFOOH-FFFFH are reserved for the ad- 
dress translation registers and system control registers. 
The DMAU, TCU, ICU, and SCU sections each contain a 
block of registers with programmable base addresses. 
They may be located inside any 256-byte block in the I/O 
space. See figure 36. 

Figure 35. Memory Address Space 
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I/O Addresses 

I/O devices can be referenced by 8-bit immediate ad- 
dresses or by 16-bit addresses via the DW register. If I/O 
operations require other more complex addressing 
modes, the I/O devices must be placed in the memory 
address space (using memory-mapped I/O techniques). 
For memory-mapped I/O devices, there are no restric- 
tions on instruction or addressing mode usage. However, 
the V53 will not automatically insert 6 clock cycles after 
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memory-mapped I/O operations; external logic must 
provide the necessary I/O device recovery time. 



Figure 36. I/O Address Space 
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Normal Memory Addresses 

The V53 is a 16-bit device with 16-bit registers. To allow a 
memory address space larger than 64K bytes, memory 
segmentation is used. The 1M-byte memory address 
space is divided into 64K-byte segments. Up to four 
segments can be in use at any given time. The base 
addresses of the four active segments (program seg- 
ment, stack segment, data segment 0, and data segment 
1) are contained in four 16-bit segment registers (PS, SS, 
DSO, and DS1, respectively). The 16-bit value in each 
register is the upper 16 bits of the 20-bit memory ad- 
dress. Thus, segments must start on 16-byte boundaries. 

As described above, the V53 hardware generates a 16-bit 
effective address for each memory operation. This effec- 
tive address is an offset into one of the four active 
segments. The actual 20-bit memory address is com- 
puted by adding the EA to the segment register value 
expanded with zeros to 20 bits. Figure 37 shows this 
process. 



Figure 37. 
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If normal addressing mode is enabled, this 20-bit result is 
presented on the address bus during the bus cycle. If 
expanded addressing mode is enabled, this address is 
used as a logical address. 

Expanded Addresses 

In the expanded addressing mode, the memory space is 
divided into 1024 pages (figure 35). Each page is 16K 
bytes. Each page of the normal 20-bit address space is 
mapped to a page in the expanded address space using 
a 64-entry address translation table. The table is made 
up of 64 page registers that reside in the I/O space. 

The programming model of this mode is the same as for 
the normal mode. Address expansion is a layer added to 
the normal mode that is transparent to executing code. 
The program still sees a 20-bit contiguous logical mem- 
ory address space, but the hardware sees 64 pages 
mapped into a set of 1024 physical pages. 

The I/O space is not affected by the expanded address- 
ing mode. 

The address translation mechanism is shown in figure 
38. The upper 6 bits of the logical 20-bit address select 
one of the entries in the address translation table, which 
supplies a 10-bit value. This value is substituted for the 
original 6 bits in the normal address to create a 24-bit 
expanded address. 
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Figure 38. Address Translation Mechanism 
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Address Expansion Registers 

These are the page and XAM registers, accessed by the 
word IN and OUT instructions. Figure 39 shows page 
register usage and I/O addresses. The page registers 
contain the 10-bit physical page base address. The XAM 
register is a read-only status flag that indicates whether 
expanded addressing is enabled. 

Unused data bits in the XAM register are read as 0. 
Expanded addressing must be disabled before access- 
ing any of the page registers. That is, if expanded mode 
is enabled, the page registers cannot be accessed. This 
prevents an expanded mode task from accidentally mod- 
ifying its memory map. 



Figure 39. Address Expansion Registers 
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Operand Addressing Modes 

For operand addressing, the V53 offers nine modes. 

• Register 

• Immediate 

• Direct 

• Register indirect 

• Indexed 

• Based 

• Based indexed 

• Bit 

• Autoincrement/autodecrement 

Register. The operand is in a V53 register pointed to by 
the instruction. 

Immediate. The operand is in the instruction stream 
following the opcode of the instruction. This data will 
have been prefetched. Immediate data uses the V53 
pipeline efficiently. 

Direct. Immediate data in the instruction stream points 
directly to the operand. This data can be a 16-bit effec- 
tive address or a bit field length of 4 bits. 

Register Indirect. A 16-bit register (IX, IY or BW) 
contains a 16-bit effective address. 

Indexed. One or two bytes of immediate data are 
treated as a signed displacement that is added to the 
contents of a 16-bit index register (IX or IY) to obtain a 
16-bit effective address. 

Based. One or two bytes of immediate data are treated 
as a signed displacement that is added to the contents of 
a 16-bit base register (BP or BW) to form a 16-bit 
effective address. 

Based Indexed. One or two bytes of immediate data 
are treated as a signed displacement that is added to two 
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16-bit registers (BP or BW and IX or IY) to form the 
effective address. This mode is useful for array address- 
ing. 

Bit. Used with NOT1 , CLR1 , or TEST1 . A 4-bit immediate 
data value SET1 selects a bit in a 16-bit operand. For 
8-bit operands, only 3 bits are used. 

Autoincrement/Autodecrement. Some iterative opera- 
tions (such as MOVBK or INS) will automatically incre- 
ment or decrement index registers after each iteration. 
Specifically, IX is used in addressing a source pointer, 
and/or IY is used in addressing a destination pointer. 
After the operation, both will be incremented or decre- 
mented (according to the PSW DIR control flag) to point 
to the next operand in the array. 

Instruction Addressing Modes 

Instruction address modes are basically the same as the 
operand addressing modes, but the PC is always used in 
the register These modes are used in control transfer 
instructions. 



Direct 

Relative 

Register 

Register indirect 

Indexed 

Based 

Based indexed 



Direct. Four bytes of immediate data are taken as an 
absolute address and loaded directly into the PS and PC 
(and PFP). 

Relative. One or two bytes of immediate data are a 
signed displacement that is added to the contents of the 
PC, and then placed in the PC (and PFP). This mode is 
useful to create position-independent code. 

Register. The register selected by the instruction (AW 
BW, etc.) contains an effective address, which is loaded 
into the PC (and PFP). 

Register Indirect. An index register (IX, IY or BW) 
points to a memory location that contains an effective 
address (short pointer) or a segment register value and 
the effective address (far pointer). This effective address 
is read from memory and loaded into the PS and/or PC 
(and PFP). 

Indexed. One or two bytes of immediate data are a 
signed displacement added to the contents of a 16-bit 
index register (IX or IY) to form an effective address. This 
address is used to fetch another effective address from 
memory, which is then loaded into the PC (and PFP). 



Based. One or two bytes of immediate date are a signed 
displacement added to the contents of a 16-bit base 
register (BP or BW) to form an effective address. This 
address is used to fetch another effective address from 
memory, which is then loaded into the PC (and PFP). 

Based Indexed. One or two bytes of immediate data are 
a signed displacement added to the contents of two 
16-bit registers (BP or BW and IX or IY) to form an 
effective address. This address is used to fetch another 
effective address from memory, which is then loaded into 
the PC (and PFP). 

CPU Register Configuration 

Program Counter (PC). The PC is a 16-bit register 
containing the effective address of the instruction cur- 
rently being executed. The PC is incremented each time 
the instruction decoder accepts a new instruction from 
the prefetch queue. The PC is then loaded with a new 
value during execution of a branch, call, return, or break 
instruction, and during interrupt processing. 

Segment Registers (PS, SS, DSO, DS1). There are four 
segment registers, each containing the upper 16 bits of 
the base address of a 64K logical segment. Since logical 
segments reside on 16-byte boundaries, the lower 4 bits 
of the base address are always zero. Normal 20-bit 
memory addresses are formed by adding the 16-bit 
effective address to the base address of one of the 
segments. During this operation, certain types of effec- 
tive addresses will be paired with specific segment 
registers. 



Segment Register 
PS (program segment) 
SS (stack segment) 
DSO (data segment 0) 
DS1 (data segment 1) 



Default Offset 

PFP 

SP, effective address 

IX, effective address 

IY 



Program instructions will always be fetched from the 
program segment. Whenever the IY index register ad- 
dresses an operand, the DS1 segment register will be 
used. DSO is usually used with IX. Stack operations with 
the SP will always use the stack segment. For other 
effective addresses, the table above shows the default 
segment, but another segment may be selected by a 
segment override prefix instruction. 

General-Purpose Registers (AW, BW, CW, DW). The 

four 16-bit general-purpose registers can be accessed as 
16-bit or 8 -bit quantities. When the AW, BW CW, or DW 
destination is used, the register will be 16 bits. When AL, 
AH , BL, BH , CL, CH , DL, or DH is used, the register will 
be 8 bits. AL will be the low byte of AW and AH will be the 
high byte, etc. 
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Some operations require the use of specific registers. 



Register 


Operation 


aw 


Ward multiplication/division, word I/O, 




data conversion 


AL 


Byte multiplication/division, byte I/O, BCD 




rotation, data conversion, translation 


AH 


Byte multiplication/division 


BW 


Translation 


CW 


Shift instructions, rotation instructions, 




BCD operations 


DW 


Word multiplication/division, indirect 




addressing I/O 



Pointer (SP, BP) and Index Registers (IX, IY). These 
registers are used as base pointers and index registers 
when based, indexed, or based indexed addressing 
modes are used. 

They may also be used as general-purpose registers for 
data transfer, arithmetic, and logical instructions. They 
can only be accessed as 16-bit registers. 

Some operations use these registers in specific ways. 

Register Operation 

SP Stack operations 

IX Source pointer for block transfer, bit field, 

and BCD string operations 
IY Destination pointer for block transfer, bit 

field, and BCD string operations 

Program Status Word (PSW). The program status word 
reflects the status of the CPU by six status flags and 
affects the operation of the CPU by three control flags. 

15 PSW 8 



1 


1 


1 


1 


V 


DIR 


IE 


BRK 


7 

















S 


z 





AC 





P 


1 


CY 



Status Flags 



V 

S 

Z 

AC 

P 

CY 



Overflow 

Sign 

Zero 

Auxiliary carry 

Parity 

Carry 



Control Flags 
DIR Direction 
IE Interrupt enable 

BRK Break 



The DIR control flag determines whether address point- 
ers are incremented (1) or decremented (0) for block 
(string) operations. IE enables interrupts (1) or disables 
interrupts (0). BRK enables (1) or disables (0) the single 
stepping trap (vector 1). 

The PSW cannot be accessed directly as a 16-bit register. 
Specific instructions set/reset the control flags. When 
the PSW is pushed on the stack (as during interrupt 
processing), the PSW is set as shown in the diagram 
above. 

Interrupt Operation 

The interrupts supported by the V53 can be divided into 
two types: those generated by external interrupt re- 
quests and traps generated by software processing. 
Interrupts of each type are listed below. 

• External Interrupts 

— NMI input (nonmaskable) 

— INTP0-INTP7 (maskable) 

• Software Traps 

— Divide error during DIV or DIVU instruction 

— Array bound error during CHKIND 
-Single-step (PSW BRK flag - 1) 

— Undefined instruction 

— Coprocessor error 

— Coprocessor not connected 

— Break instructions (BRKV, BRK3, BRK imm8, 
BRKXA) 

The eight INTP interrupts are handled by the interrupt 
control unit (ICU). The ICU prioritizes the INTPs and 
produces a single INT output, an internal signal that 
goes to the CPU interrupt logic. There the interrupt 
prioritization flow diagram (figure 40) is implemented, 
interrupts are prioritized by the CPU as follows. 

NMI (highest priority 

INT 

BRK flag 

Other software interrupts and exceptions 
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Figure 40. Interrupt Prioritization Flow Diagram 



Complete 

current 

instruction 




Execute 

next instruction 



x If current Instruction causes internal interrupt, SOFT flag = 1 
At the end of current Instruction: 

• lfBRKflaginPSW=1,BRK = 1 

• If INT from ICU is sampled, INT = 1 

• If NMI input Is sampled, NMI = 1 



Push PC, PS, PSW 
Clear IE, BRK 



J £ 



Push PC, PS, PSW 
Clear IE, BRK 



NMI procedure 



Pop PC, PS, PSW 



f 
INT 





NMI 





INT procedure 



Pop PC, PS, PSW 



BRK 

r. 




j £ 



Push PC, PS, PSW 
Clear IE, BRK 




3— 



BRK procedure 



Pop PC, PS, PSW 




Push PC, PS, PSW 
Clear IE, BRK 




Internal INT 
procedure 



Pop PC, PS, PSW 
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Interrupts are not accepted by the CPU at certain times. 
NMI, INT, and BRK flags are not accepted under the 
following conditions. 

(1) Between execution of a MOV or POP that uses a 
segment register as an operand and the next 
instruction. 

(2) Between a segment override prefix and the next 
instruction. 

(3) Between a repeat or BUSLOCK prefix and the next 
instruction. 

INT is not accepted when the PSW IE flag is 0, or 
between an RETI or POP PSW and the next instruction. 

Once an interrupt has been accepted by the GPU, an 
interrupt service routine will be entered. The address of 
this routine is specified by an interrupt vector stored in 
the interrupt vector table (figure 41). For most inter- 
rupts, the vector used depends on what interrupt is 
being processed (e.g., NMI always uses vector 2). For 
INT and BRK imm8 interrupts, any vector may be used; 
the vector number is supplied by the ICU or an external 
device (such as a/iPD71059) in the case of INT, or by 
immediate data in the case of BRK. 

The interrupt vector table uses 1K bytes of memory at 
addresses 000H to 3FFH and stores up to 256 vectors. 



Figure 41. 


interrupt 


Vector Table 














000H 
004H 
008H 
00CH 
010H 
014H 
018H 

!: 
07CH 
080 H 

1E8H 

200H 
204H 
208H 

3FCH 


Vector 


Divide Error 
Break Flag 
NMI Input 
BRK 3 Instruction 
BRKV Instruction 
CHKIND Instruction 


- Dedicated 


Vector 1 


Vector 2 


Vector 3 


Vector 4 


Vector 5 


Vector 6 


^ - Reserved 

General Use 

- • BRK Imm8 Instruction 
* • INT Input [External] 

Undefined Instruction Trap 

General Use 
^ - • BRK Imm8 Instruction 
J • INT Input [External] 
HPD72291 AFPP Error 
Other Coprocessor Error 
Coprocessor Does Not Exist 

\ General Use 

- • BRK Imm8 Instruction 
• INT Input [External] 


* 




i 


Vector 31 


Vector 32 


* 




i 


Vector 122 


* 




fc 


Vector 128 


Vector 129 


Vector 130 


* 




t 


Vector 255 
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Each interrupt vector consists of four bytes. The two 
low bytes are loaded into the PC as the offset, and the 
two high bytes are loaded into the PS as the base 
address. See figure 42. 

Figure 42. Interrupt Vector 





Vector 
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001 H i 


000H 


003H l 


002H 




PC«- [001H.OOOH] 
PS«- [003H.002H] 





Based on this format, the contents of each vector 
should be initialized at the beginning of the program. 
The basic mechanism for servicing an interrupt follows. 

(SP-1.SP-2) *-PSW 
(SP - 3, SP - 4) +- PS 
(SP - 5, SP - 6) +- PC 
SP «- SP - 6 
IE *- 0, BRK <- 
PS «- vector high bytes 
PC .-*- vector low bytes 

When an interrupt is accepted, two possible PC values 
could be saved. For some interrupts, the offset of the 
current instruction is saved. These interrupts are divide 
error, CHKIND, illegal opcode, )i/PD72291 FPP error, 
other coprocessor error, and CP not present. For the 
other interrupts (NMI, BRKf lag, BRK instruction, or ICU 
interrupt), the offset of the next instruction is saved. 

CLOCK GENERATOR (CG) 

The clock generator (figure 43) is driven by a crystal 
connected to pins X1 and X2 or an external clock 
connected directly to pin X1 and through an inverter to 
pin X2. The frequency of the crystal or external clock is 
twice the frequency of the CPU clock. 

For crystal operation, the crystal should be AT-cut, 
fundamental mode, and parallel resonant. Connect a 
5-pF capacitor from pin X1 to ground and a 15-pF 
capacitor from pin X2 to ground. 

For operation with an external clock, the maximum 
delay through the inverter connected to pin X2 should 
not exceed 20 ns. 

The source frequency is divided to supply various 
clocks to internal units (CPU, DMAU, etc.) and to exter- 
nal devices at pins CLKOUT and PCLKOUT 



50 



NEC 



JIPD70236 (V53) 



Figure 43. Clock Generator Diagram 
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BUS OPERATION 

The V53 uses a synchronous bus interface. The X1 and 
X2 inputs provide a reference oscillator frequency for the 
internal clock generator, which supplies the main system 
clock to the other internal devices and to external 
devices via the CLKOUT pin. All V53 bus timings and 
instruction execution clock counts are specified relative 
to the CLKOUT signal. Bus cycles start on the falling 
edge of CLKOUT. 

The V53's internal bus is a multimaster, shared bus. The 
CPU, DMAU, or REFU can all be bus masters. Each 
requests bus mastership from the bus arbitration unit 
(BAU). External devices can also request mastership of 
the bus using the HLDRQ input. 

Bus Interface Unit (BIU) 

The BIU contains the interface logic that allows the three 
internal bus masters (CPU, DMAU, and REFU) to control 
the external address, d ata, a nd co ntrol bu ses. The BIU 
also synchronizes the BS8/BS16, RESET, and READY 
inputs to the system clock. When a reset signal is 
accepted, the BIU asserts the RESOUT output. 



Bus Arbitration Unit (BAU) 

The BAU accepts and grants five different requests for 
bus mastership in the following priority order. 

REFU demand (highest) 
DMAU request 
HLDRQ 
CPU request 
REFU request 

The refresh unit is assigned both the highest and the 
lowest priorities. Normally, REFU requests are made, 
and if the bus is not granted, they are placed in a queue. 
Once the queue depth reaches seven requests, a refresh 
demand is made, and the BAU gives this the highest 
priority. 

Bus Wait Function 

When the bus is active and the BAU receives a higher 
priority request, the BAU will take away its grant to the 
current bus master. But the current master may not 
release the bus immediately. The BAU will wait until the 
current master takes away its request before granting 
the bus to the higher priority requester. This is called bus 
waiting. 

For example, if an external device has been granted the 
bus via the HLDAK output, and the DMAU requests the 
bus (DMA is higher priority than HLDRQ), the V53 will 
deassert HLDAK but will not take the bus back until the 
external master deasserts HLDRQ. Note that the exter- 
nal master is not required to immediately release the bus 
back to the V53; the BAU will wait until HLDRQ is 
removed. 

Usually a higher priority request will be granted quickly; 
for example, if a DMA request is accepted during T2 of a 
CPU bus cycle, the next bus cycle will usually be a DMA 
cycle. However, each internal bus master will hold onto 
the bus under certain circumstances. 

The CPU will not let go of the bus as long as the 
BUSLOCK prefix is used, or until the current bus opera- 
tion is completely finished (an unaligned or bus-sizing 
operation may take more than one bus cycle). Likewise, 
when it is in bus hold mode, the DMAU will not release 
the bus until all active DMA requests have been pro- 
cessed. 

This mode should be used with care as it can result in 
DRAM refresh errors if the DMA takes a long time to 
complete. Note that bus hold mode is only available 
when DMAU is in jaPD71071 compatibility mode; 
/xPD71037 mode is always in bus release mode. 
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External Bus Masters 

At times, external bus masters will need to use the V53 
bus. There are two methods provided for that purpose: 
hold request and DMA cascade. Up to five external bus 
masters can be connected to the V53. 

Hold Request. The external bus master can request the 
bus using a hold request. Hold request is implemented 
using the HLDRQ and HLDAK signals. The V53 grants 
the bus by floating many of its outputs and asserting 
HLDAK to notify the external device that the bus is now 
free. 

DMA Cascade . DMA cascade is very similar t o hold 
request; the difference is that a DMARQ/DMAAK signal 
pair requests and grants the bus. While DMA cascade is 
meant to be used to connect additional DMA controllers, 
it can be used by any type of external bus master. Since 
there are four DMA channels, each of which can be in 
cascade mode, up to four external masters can be 
connected by DMA cascade. 

Bus Cycle Descriptions 

Each of the internal bus masters uses the V53 bus 
interface in a different way: DMA bus cycles have a 
different structure than CPU bus cycles or REFU cycles. 
There are 18 different V53 bus cycles summarized previ- 
ously in table 1. 

CPU Bus Cycles 

The bus state diagram for CPU cycles is shown in figure 
44. CPU bus cycles are nominally two clock periods long, 
and may be extended by adding wait states usin g either 
the internal wait state generator or the external READY 
input. 



Figure 44. CPU Bus State Diagram 




Tl Idle state 

T1 Start bus cycle 

T2 Sample READY, DATA 

TW Wait for READY = 1 

TH Bus hold state; release bus to external BAU 

BUSRQ = 1 when a read or write bus cycle is requested. 
CPUGT = 1 when BAU grants internal bus to CPU. 



The first state of ever y bus c ycle is T1, and it is followed 
immediately by T2. R EADY is sampled on the rising 
(middle) edge of T2. If READY is not asserted, the next 
bus state wil l be the TW wait state. TWs will be inserted 
until READY is sampled low, after which the bus cycle 
will finish. TWs al so will b e inserted by the wait state 
generator, and the READY input is ignored until all TWs 
programmed in the wait s tate have been inserted. The 
dynamic bus sizing i nput, BS8/BS16, is sampled at the 
same time as READY. 

Note that dynamic bus sizing is only implemented for 
CPU cycles; DMAU or REFU cycles do not use this input. 

Address and bus status are output after the leading edge 
of T1, and maintained until after the cycle is completed. 
A strobe, BCYST, is asserted during T1 to indicate the 
beginning of a bus cycle. BCYST is output following the 
leading edge of T1 and deasserted after the leading edge 
ofT2. 

Write data is driven on D0-D15 following the rising (mid- 
dle) edge of T1, and maintained until after the rising edge 
of T2 or the last TW Read data is sampled on the trailing 
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edge of T2 or the last TW state. A str obe, DSTB, gives 
the status of the V53 data bu s. DST B is asserted after 
the rising (middle) edge of T1. DSTB is deasserted after 
the rising edge of T2 or the last TW for a write cycle, and 
after the trailing edge of T2 or the last TW for a read 
cycle. 

I/O cycles are identical to memory cycles except for the 
encoding of the bus status lines. However, six idle 
states are inserted after every I/O bus cycle to provide 
a recovery time for the I/O devices. 

Dynamic Bus Sizing for CPU Cycles 

The V53 supports dynamic bus sizing for CPU cycles. 
On a cycle-by-cycle basis, the width of the data bus can 
be changed from 16 to 8 bits. This simplifies connection 
with 8-bit I/O devices that may have internal registers 
at consecutive byte addresses. Other 16-bit CPUs re- 
quire two ROMs for startup code, but the V53 dynamic 
bus sizing makes it possible to use a single 8-bit wide 
ROM. 



Exte rnal logic requests an 8-bit data path by driving 
BS8/BS16 low in time for the V53 to sample it on the 
rising edge of T2 (or TW). The,V53 will perform an 
additional cycle if needed to finish the operation in 
byte-wide pieces. 

If the bus operation is already 8 bits wide, no further 
bus cycles will occur (refer to tables 3 and 4). For a read 
cycle, the data will be sampled on D7-D0. For a write 
cycle to an even address, data will be driven on D7-D0. 
On all byte writes to an odd address, the V53 will put the 
byte data on both the upper and lower data buses so 
that the write data will be on D 7 -D as well as D 15 -D 8 . 

If the bus operation is 16-bit, t wo b us cycles will be 
required. The first one, in which BS8/BS16 is sampled 
low, will handle the low byte. The second cycle will take 
the form of a byte read or write using D 7 -D . 



Table 3. 


Write Cycle Bus Sizing 












Address 


A 


Dbe 


Cycle 


16-Bit Bus (BS8/BS16 = 1) 


8-Bit Bus 


(BS8/BS16 = 0) 


Type 


D 15 -D 8 D 7 -D 


Dl5-D 8 


D7-D0 


Byte 


Even 





1 


1st 


Invalid Lower 


Invalid 


Lower 




Odd 


1 





1st 


Lower Lower 


Lower 


Lower 


Word 


Even 








1st 


Upper Lower 


Upper 


Lower 




1 


1 


2nd 


Not needed for 16-bit bus 


Upper 


Upper 




Odd 


1 





1st 


Lower Lower 


Lower 


Lower 







1 


2nd 


Lower Upper 


Lower 


Upper 


Note: Lower 

Table 4. 


= low-order byte; Upper = high-order 

Read Cycle Bus Sizing 


byte 










Address 


A 


UBE 


Cycle 


16-Bit Bus (BS8/BS16 = 1) 


8-Bit Bus 


(BS8/BS16 = 0) 


Type 


D 15 -D 8 D 7 -D 


Dl5-D 8 


D 7 -D 


Byte 


Even 





1 


1st 


Not used Lower 


Not used 


Lower 




Odd 


1 





1st 


Lower Not used 


Not used 


Lower 


Word 


Even 








1st 


Upper Lower 


Not used 


Lower 




1 


1 


2nd 


Not needed for 16-bit bus 


Not used 


Upper 




Odd 


1 





1st 


Lower Not used 


Not used 


Lower 







1 


2nd 


Not used Upper 


Not used 


Upper 



Note: Lower = low-order byte; Upper = high-order byte 

CPU Bus Cycle Types. There are many types of CPU 
bus cycles (shown previously in table 2). They comprise 
read, write, and acknowledge cycles. 

CPU Read Cycles. There are six CPU read cycles: 
memory, external I/O, internal I/O coprocessor, copro- 



cessor data reads, and instruction fetch. All have the 
general timing described previously. Coprocessor 
reads access the internal registers of an external co- 
processor. Coprocessor data reads transfer data from 
memory to an internal coprocessor register. Instruc- 
tion fetches fill the V53's 8-byte instruction queue from 
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internal or external I/O devi ce or a m emory l ocation. 
During internal I/O reads, the IORD and BUFEN outputs 
are not asserted. 

Dynamic bus sizing is ignored during internal I/O read 
cycles, and is not recommended for coprocessor data 
read cycles. The wait state generator does no t affect 
internal I/O reads Or coprocessor reads. READY is used 
for all CPU read cycles. 

CPU Write Cycles. There are five types of CPU writes. 
Memory writes transfer data from the V53 to a memory 
location. External and internal I/O writes transfer data 
from the V53 to exter nal or inter nal I/O d evices. During 
internal I/O writes, the IOWR and BUFEN outputs are not 
asserted. Coprocessor data writes transfer data from an 
external coprocessor to a memory location. Coproces- 
sor writes transfer data from the V53 directly to a 
coprocessor internal register. 

Dynamic bus sizing is ignored during internal I/O read/ 
writes, and is not recommended for coprocessor data 
write cycles. The wait state generator does no t affect 
internal I/O writes or coprocessor writes. READY is used 
for all CPU write cycles. 

Interrupt Acknowledge Cycles. The CPU interrupt ac- 
knowledge operation takes two consecutive bus cycles. 
The first cycle freezes the state of the internal interrupt 
control unit (ICU) and any external slave jnPD71059 
interrupt controllers. The second bus cycle reads an 
8-bit vector number on D7-D0, supplied by either the ICU 
or an external slave. This vector number is then used by 
the CPU as an index into the int errupt vecto r table to 
select an interrupt handler. The BUSLOCK output is 
asserted for the first cycle, and remains asserted until 
after the second to guarantee that no other bus master 
will take control of the bus until the interrupt has been 
accepted. 

There are two types of interrupt acknowledge cycles 
produced by the V53: a master and a slave. The INTAK 
output is asserted for both types, and should be con- 
nected to the interrupt acknowledge inputs of all sla ve 
devices. The master cycle is used for the first IN TAK to 
both internal and external ICUs, and the second INTAK 
to the i nternal ICU. The slave cycle is used only for the 
second INTAK to an external slave device. 

During the slave cycle, the address of the slave device to 
be used is presented on A2-A0. These address lines 
should be buffered and then connected to the slave 
address inputs of the external ICUs. Buffering is neces- 
sary because the slave address pins of external devices 
might be in an output state on power-up, producing a 
bus conflict on A2-A0 if they are connected directly. 



Dynamic bus sizing is ignored during the interrupt ac- 
knowledge cycles. Wait states can b e inserte d by the 
internal wait state generator or by the READY input. 

Halt Acknowledge Cycle. When the CPU executes a 
HALT instruction, a halt acknowledge bus cycle is issued 
to notify external logic that the V53 is entering a stand by 
mode. This cycle i s always two clocks long; READY is 
ignored and DSTB is not asserted. The V53 has several 
standby modes. 

DMA Unit Bus Cycles 

Figure 45 shows the bus state diagram for DMA bus 
cycles. There are eight different states. When the DMAU 
is idle, it is in state SI. In this state, it is continually 
sampling the four DMARQ inputs. When a request is 
detected, the DMAU requests use of the V53 bus from 
the BAU, and enters state SO. It remains in SO until the 
BAU grants the bus to the DMAU, at which point the 
actual DMA bus cycle starts with state S1. Addresses 
and con trol status are output along with BCYST and 
DMAAK. 

DMA bus cycles are nominally four clocks long, but they 
can be stretched by the internal wait state generator or 
READY S1 always changes to S2 and then to S3. 
Me mory and I/O strobes are asserted during S2, S3, and 
SW READY is sampled during S2 for use during S3. If 
waits are inserted, the SW state is entered. Control stays 
in that state until no more waits are desired. If no waits 
are inserted, S3 moves to S4 and the current cycle is 
over. 

Depending on the DMA mode, another DMA cycle might 
be ready to start immediately (e.g., in burst mode), or 
another DMA request input may now be asserted. During 
S4, a decision is made whether to begin another DMA 
cycle at S1, to return to SI, or to enter the bus wait state 
S4W. The latter transition will be made if another DMA 
cycle is ready to start but the BAU has taken the bus 
away from the DMAU. In S4W the DMAU releases the 
bus, but is ready to begin as soon as the bus is granted 
again and the DMA request is still pending. 
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Figure 45. DMAU Bus State Diagram 



DMAGT = 1 



S1 



Always 







Always 



-M S3 



DMA incomplete; bus hold mode 
(block or demand modes only) 



DMA complete; or single mode 



DMAGT = 1 
DMARQ = 1 



DMA incomplete; bus release mode 
DMAGT = 



SI Idle state; sample DMA requests. 

50 Wait for BAU to grant bus to DMAU. 

51 Output DMA memory address. 

52 Assert strobes; sample READY, END. 

53 Check READY. 

54 End of DMA cycle; check DMA completion. 
S4W Bus wait state; release bus to BAU. 

SW Wait for READY = 1 . 



DMA Read Cycle . The DMAU performs "fly-by" DMA. 
During one DMA read bus cycle, data moves from the 
source address in memory to the destination I/O device. 
TheV 53 puts the memor y addre ss on A23-A0, and asserts 
MRD. At the same time, IOWR is asserted. Memo ry will 
drive the DMA data onto the bus, an d the IO WR signal 
will latch the data into the I/O device. DMAAK should be 
used to control chip sele ct at the I/O device. Since the 
V53 does not use the data, BUFEN is not asserted during 
DMA bus cycles. 

DMA Write Cycle/The DMAU performs "fly-by" DMA. 
During one DMA write bus cycle, data moves from the 
source I/O device to the destination address in memory. 
The V 53 puts the memor y add ress on A23-A0, and asserts 
MWR. At the same time, IORD is asserted. The I/O device 
will drive the DMA data onto the b us, and the MWR 
signal will latch the data into memory. DMAAK should be 
used to control chip sele ct at the I/O device. Since the 
V53 does not use the data, BUFEN is not asserted during 
DMA bus cycles 

Note that when DMA writes are made to DRAM, it may be 
necessary to generate a delayed CAS strobe because 
the data is being supplied by an I/O device that may have 



long access time. The write data may not be valid when 
the normal CAS signal is asserted. 

Dynamic bus sizing cannot be used for DMA ope rations. 
The internal wait state generator and READY can be 
used to stretch the cycle. 

DMA Cascade . During DMA cascade, the DMA state 
machine releases the V53 bus to an external bus master 
such as a ^PD71071 or jtPD71037 DMA controller. 
DMAAK is conne cted to the HLDAK input of the external 
device. DMAAK will stay asserted until the external 
master deasserts DMARQ. If the V53 BA U needs to give 
the bus to a higher priority bus master, DMAAK will be 
deasserted. The external bus master is expected to then 
deassertthe DMARQ input, at which point the bus will be 
given to the higher priority bus master. 

Refresh Unit Bus Cycles 

The refresh unit performs memory read cycles from 
consecutive memory addresses. These bus cycles are 
the same as CPU memory read cycles, except that the 
REFRQ output is asserted. External logic should use the 
REFRQ logic to enable RAS for all memory banks, 
regardless of the address decoding scheme, so that all 
banks are refreshed. 
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Dynamic bus sizing cannot be used during refresh 
operati ons. The internal wait state generator and 
READY can be used to stretch the cycle. 

SYSTEM INTERFACE 

System Memory Access Time 

Table 5 shows the system memory access time re- 
quired for 12.5-MHz and 16-MHz V53 systems to run 
with zero, one, two, and three wait states. This is the 
time from when the address bus is valid to when the 
external system must present the read data on the data 
bus. These numbers are based on the preliminary ac 
timing given in this document and are subject to 
change. 

Table 5. Performance vs. Wait States 



12.5 MHz 



16 MHz 



Memory System Relative Memory System Relative 

Number Cycle Access Perfor- Cycle Access Perfor- 

ofWait Time Time mance Time Time mance 

States (ns) (ns) (%) (ns) (ns) (%) 






160 


113 


78 


125 


78 


100 


1 


240 


193 


64 


187.5 


140.5 


82 


2 


320 


273 


52 


250 


203 


67 


3 


400 


353 


43 


312.5 


265.5 


56 



Note: Performance is relative to the wait state, 16 MHz. 

Wait States 

Table 5 also illustrates the effect of wait states on 
performance. The V53 CPU overlaps bus interface 
operations in time with instruction execution. This 
greatly reduces the effect of wait states on perfor- 
mance. Each bus cycle is nominally two clocks long, 
while the minimum instruction is two clocks with many 
instructions taking longer. 

There is some idle bus time when the CPU is processing 
a long instruction and the prefetch queue is full. Wait 
states can often fill these idle states. However, adding 
wait states to bus cycles reduces the bus bandwidth 
available for other bus masters, such as DMA control- 
lers. This is because some of the idle time that would 
have been available to them is used for CPU cycles. 

Note that in all cases, a 16-MHz V53 with N+ 1 wait 
states is faster than a 12.5-MHz device with N wait 
states but slower memory. 

Note also that the numbers are for comparison only. 
Different results will be obtained for other program 
mixes. 



Interfacing the /iPD72291 AFPP 

The AFPP is a very-high-performance floating-point 
coprocessor able to process more than 530K floating- 
point operations per second at 16 MHz. 

The AFPP is programmed as an extension of the V53 
instruction set. The AFPP executes floating-point op- 
erations, computes transcendental functions, and per- 
forms vector multiplications. 

AFPP instructions use the FP01 and FP02 formats. 
When one of these opcodes is encountered and an 
AFPP is connected, a coprocessor protocol routine is 
entered. The V53 computes any effective addresses 
required, reads or writes the operands for the AFPP, 
and tells the AFPP which operation should be per- 
formed. 

The AFPP responds by asserting its BUSY output when 
it starts the operation. The V53 will not start another 
AFPP operation until BUSY is deasserted, but may 
execute CPU instructions. When BUSY is deasserted, 
the V53 will transfer the AFPP status to the AW register. 

Figure 46 shows how to connect a V53 CPU to a 
pPD72291 AFPP. The CPU reads and writes status and 
commands to the AFPP using coprocessor read and 
write cycles, which always take two clocks. AFPP oper- 
ands are written using coprocessor memory write/read 
cycles, which always require one wait state. The V53 
automatically inserts one wait state into these cycles 
so no external wait generation logic is required. 



On reset, CPBUSY is sampled. If it is high, the V53 
assumes that a coprocessor is connected. CPERR is 
also sampled to determine what kind of coprocessor is 
connected as follows. 



CPBUSY CPERR Coprocessor Connected 



None 
JL/PD72291 
Another kind 



Note: If no cop rocessor w ill ever be used in the system, 
ground pins CPBUSY, CPERR, and CPREQ. 

AFPP memory operands must always begin on an even 
address and may not reside in 8-bit wide memory. 
Dynamic bus sizing may not be used for AFPP oper- 
ands. 
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Figure 46. Connections Between the V53 
and tiPD7 2291 
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* When only the (iPD72291 socket is provided and 



the nPD72291 is not connected, switch CPBUSY to GND. 



SYSTEM CONTROL I/O 

On-Chip Control Registers 

The V53 provides many on-chip control registers. Some 
of these reside in the 256-byte system I/O area (I/O 
space addresses FFOO to FFFF). These are shown in 
table 6. Other registers reside in small blocks associ- 
ated with an on-chip peripheral (addresses are pro- 
grammable). There are register blocks for DMAU, TCU, 
ICU, and SCU. The base addresses for these register 
blocks are programmable using the OPHA, DULA, 
TULA, and SULA registers in the system I/O area. See 
figure 47. 



Figure 47. Peripheral Relocation 



64K-byte I/O space 



256-byte area 




Tables. System I/O Area 



I/O Address 


Register Name 


Figure 


FFFFH 


Reserved 


- 


FFFEH 


SCTL 


48 


FFFDH 


OPSEL 


49 


FFFCH 


OPHA 


50 


FFFBH 


DULA 


50 


FFFAH 


IULA 


50 


FFF9H 


TULA 


50 


FFF8H 


SULA 


50 


FFF7H 


Reserved 


— 


FFF6H 


WCY4 


61 


FFF5H 


WCY3 


60 


FFF4H 


WCY2 


59 


FFF3H 


WMB1 


55 


FFF2H 


RFC 


62 


FFF1H 


SBCR 


110 


FFFOH 


TCKS 


51 


FFEFH-FFEEF 


Reserved 


— ■ 


FFEDH 


WAC 


56 


FFECH 


WCYO 


57 


FFEBH 


WCY1 


58 


FFEAH 


WMBO 


54 . 


FFE9H 


BRC 


52 


FFE8H 


Reserved 


— 


FFE7H-FFE2H 


Reserved 


- 
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Table 6. System I/O Area (com) 



I/O Address 


Register Name 


Figure 


FFE1H 


BADR 


102 


FFEOH 


BSEL 


103 


FFDFH-FF81H 


Reserved 


- 


FF80H 


XAM (Read Only) 


39 


FF7FH-FF00H 


PGR64-PGR1 


39 



Note: All registers are Read/Write except XAM. 

System Control Register (SCTL) 

The SCTL register (figure 48) selects the 8-bit or 16-bit 
boundary of an internal peripheral relocation address. It 
also sets the internal DMAU in the pPD7l07l or 
/iPD71037 modes. In ^PD71037 mode, SCTL controls 
propagation of carry from A15 to A^ or from A-| 9 to A20. 
SCTL selects the baud rate generator or TOUT as the 
SCU clock. 

Figure 48. System Control Register (SCTL) 
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- 


- 
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1 
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1 
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CEO 
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1 
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DMAM 


DMAU Mode 



1 


fiPD71071 
HPD71037 


IOAG 


Internal I/O Address 



1 


Even or odd (16-bit boundary) 
Contiguous (8-bit boundary) 



On-Chip Peripheral Selection Register (OPSEL) 

The OPSEL registers (figure 49) controls the V53 internal 
peripherals. Any of the four peripherals (DMAU, TCU, 
ICU, or SCU) can be independently enabled or disabled 
by setting the appropriate OPSEL bit. 



Figure 49. On-Chip Peripheral Selection 
Register (OPSEL) 
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- 


- 


- 


SS 
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SS 
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1 


Disabled 
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TS 


TCU Operation 




1 


Disabled 
Enabled 


IS 


ICU Operation 




1 


Disabled 
Enabled 


DS 


DMAU Operation 




1 


Disabled 
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Internal Peripheral Relocation Registers 

The five internal peripheral registers fix the I/O ad- 
dresses of the DMAU, ICU, TCU, and SCU. Register 
OPHA fixes the high-order byte of the 16-bit I/O ad- 
dresses. Registers DULA, IULA, TULA, and SULA select 
the low-order byte of the I/O addresses for the DMAU, 
ICU, TCU, and SCU peripherals, respectively. 

The formats of the individual internal peripheral registers 
are shown in figure 50. Since address checking is not 
performed, two peripheral I/O address spaces should 
not be overlapped. 
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Figure 50. Internal Peripheral Relocation 
Registers 
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The IOAG bit of the SCTL register changes how the 
DULA, IULA, TULA, and SULA registers are used. When 
IOAG = 1, the DAMU, ICU, TCU, and SOU registers are 
on contiguous bytes. When IOAG = 0, each of these 
byte-wide registers is put on a word boundary. Bit Ao 
selectsthe low or high byte of the word. This allows code 
written for a 16-bit system to be ported to a V53 design 
with no modifications. Because the DMAU registers in 
/iPD71071 mode are 16-bit, the IOAG bit in figure 50 is 
noted as "x" (don't care). 

Timer Clock Selection Register (TCKS) 

The TCKS register (figure 51) selects the clock source for 
the timer/counters as well as the divisor for the internal 
clock prescaler. The clock source for each timer/counter 
is independently selected from an internal clock (figure 
43) or an external clock source (TCLK). 

The frequency of the internal clock selected by bits 2, 3, 
and 4 is programmable. The PS bits allow the clock to be 
set to the external oscillator frequency divided by 4, 8, 
16, or 32. 

Figure 51. Timer Clock Selection Register (TCKS) 
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Baud Rate Counter (BRC) 

The BRC (figure 52) is an 8-bit, frequency-division 
counter for the dedicated baud rate generator. It sets the 
value by which an internal frequency is to be divided to 
provide the SCU with its baud rate clock. 

Figure 52. Baud Rate Counter (BRC) 



Figure S3. Memory Space Division 



D 7 


D 6 


D 5 


D 4 


D 3 


D 2 


Dt 


D 
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I/O Address FFE9H 








Table 7 illustrates the relationship between the baud 
rate and the value set in the BRC. 



Table 7. 


Baud Rate Setting by BRC 






Oscillation frequency 


24.576 MHz 


29.4912 MHz 


Oscillation frequency -*- 2 


12.288 MHz 


14.7456 MHz 


Baud rate factor (-5-) 


16 


64 


16 


64 


Internal frequency 


0.768 


0.192 


0.9216 


0.2304 


Baud Rate 




Number of Counts Set In BRC 


1200 




- 


160 


- 


192 


2400 




- . 


80 


- 


96 


4800 




160 


40 


192 


48 


9600 




80 


20 


96 


24 


19,200 




40 


10 


48 


12 


38,400 




20 


5 


24 


6 



WAIT CONTROL UNIT 

The wait control unit (WCU) inserts from to 7 wait 
states (TW) into a bus cycle to compensate for the 
varying access times of different memory and I/O de- 
vices. Each wait state is equivalent to one CPU clock 
cycle. The number of wait states can be individually 
programmed for CPU, DMAU, REFU, INTAK, and exter- 
nal I/O cycles. The INTAK cycles can be programmed for 
2-7 wait states. 

For memory accesses, the address space is divided into 
a total of six sections (labeled High, Middle, and Low in 
figure 53). A different number of wait states can be 
programmed for each section, allowing much flexibility 
in the s ystem design. The WCU works with the external 
READY input. After the pro per numb er of TWs have been 
inserted into the bus cycle, READY will be sampled, and 
wait states will be inserted until it is asserted. 
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The WCU can insert waits into memory or external I/O 
cycles, but not into coprocessor, internal I/O, or halt 
acknowledge cycles. 

Eight system I/O registers (figures 54-61) control the 
WCU. They are the wait state memory boundary regis- 
ters (WMB0 and WMB1), the WCU address control reg- 
ister (WAC), and the wait state cycle count registers 
(WCY0-WCY4). 

Memory Boundary Registers (WMB0, WMB1) 

The WMB0 register divides the entire 16M-byte address 
space into three sections. The EL MB and EUMB fields 
specify the size of the upper and lower memory blocks. 
The middle block is the area left in between. The WCY0 
and WCY1 registers specify the wait states of each 
expanded memory block. 

In addition to dividing expanded memory, a specific 
1M-byte memory area can also be partitioned into three 
blocks for wait state generation. The WAC register deter- 
mines which 1M-byte area is referenced. The WMB1 
register divides this area into three blocks in the same 
manner as described above for WMB0. Registers WCY2 
and WCY3 specify the wait states for each block and 
also I/O. 
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Figure 54. Memory Boundary Register (WMBO) 
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Figure 55. Memory Boundary Register 1 (WMB 1) 
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Figure 56. WCU Address Control Register (VWC) 
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UWA = Upper 4 bits of expanded address specifying a 1M-byte 
memory space 



After RESET, the WCY registers are set to all 1s, thereby 
inserting seven waits into all cycles. This allows the use 
of slow ROMs. Initialization code must set the WCY 
registers to their values. 

Figure 57. WCYO Register 
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* Upper section of 16M-byte memory space 

Figure 58. WCY1 Register 
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Middle and lower sections of 16M-byte memory space 
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Wait State Cycle Count Registers (WCYO -WCY4) Figure 59. WCY2 Register 

Each WCY register has one or two 3-bit fields that set the 
number of waits for a particular kind of cycle or the 
number of waits to be inserted into cycles during which 
certain memory blocks are accessed. 

(1) WCYO and WCY1 (figures 57 and 58) pertain to the 
16M-byte memory space set by the WMBO register. 

(2) WCY2 and WCY3 (figures 59 and 60) pertain to the 
1M-byte memory space set by the WMB1 register. 

(3) Also, the IOW field of WCY3 sets the number of waits 
for external I/O cycles and interrupt acknowledge 
cycles. 

(4) The waits set by WCY3 cannot be inserted into the 
internal I/O area read/write cycle. 

(5) WCY4 (figure 61) sets the number of waits for DMA 
cycles and refresh cycles. 
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Figure 60. WCY3 Register 
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* Upper section of 1M-byte memory space 

Figure 61. WCY4 Register 
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* DMA cycle or refresh cycle. 

RE F RESH CONTROL UNIT 

The refresh control unit (REFU) refreshes external dy- 
namic devices by periodically performing a memory 
read cycle from consecutive, incrementing addresses. A 
16-bit counter provides the refresh address. The upper 
bits (A23-A16) are low during refreshes. Each refresh bus 
cycle has two wait states inserted, so that it will be a 
minimum of 4 clocks long. Refresh cycles can be distin- 
guished from other memory reads by the assertion of the 
REFRQ output or by the bus status code. 

If the V53 is busy when it is time to perform a refresh, the 
refresh request is placed in a refresh queue until the bus 
is no longer busy. Normally, the REFU has the lowest bus 
priority. However, after seven refreshes are queued, the 



REFU is given the highest bus priority. The REFU gets 
control of the bus, performs a burst of four refreshes, 
and then falls back to the lowest priority. This refresh 
queue ensures that refresh cycles are not lost even when 
the V53 is busy for long periods of time. 

Refresh Control Register (RFC) 

The RFC (figure 62) controls the refresh control unit. The 
RE bit enables or disables the REFU. The refresh interval 
is set by the RTM field by choosing refresh interval factor 
N, which determines how many CPU clock cycles elapse 
between refreshes. 

Refresh interval = 16 x N x tcvc 

With a 16-MHz CPU c lock, thi s allows a range of intervals 
from 1 to 32 ps. After RESET, N will be 9, which gives an 
interval of 9 us. 

Since the V53 may operate with either 8- or 16-bit 
memory devices, the refresh address can be incre- 
mented by 1 (for 8-bit memory) or by 2 (for 16-bit 
memory). The RD B8 bit in the RFC makes the selection. 
In the word mode, UBE is al ways low (active) for refresh 
cycles. In the byte mode, UBE is asserted only for 
refreshes to an odd address. 

Figure 62. Refresh Control Register {RFC) 
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TIMER/COUNTER UNIT 

The timer/counter unit (TCU) provides a set of three 
independent 16-bit timer/counters. Each timer has an 
individual output and gate control input. The clock 
source for each channel is set individually to either the 
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prescaled CPU clock or the external TCLK. TOUT1 is 
also internally connected to supply the baud rate clock 
to the SCU. Figure 63 is the TCU block diagram. 

The TCU has the following features. 

• Three 16-bit timer/counters 

• Six programmable count modes 

• Binary/BCD counting 

• Multiple latch command 

• Count latch command 

• Choice of two clock sources 

• 16-MHz operation 

• Functionally compatible with /&PD71054 (8254) 



Because RESET leaves the TCU in an uninitialized state, 
each timer/counter must be initialized by specifying an 
operating mode and a count. Once programmed, a 
timer/counter will continue to operate in that mode until 
another mode is selected. When the count has been 
written to the counter and transferred to the down 
counter, a new count operation starts. Both the current 
count and the counter status can be read while count 
operations are in progress. Figure 64 is a flow diagram 
for TCU operations. 



Figure 63. TCU Block Diagram 
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Figure 64. 
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more timer/counters. Figures 65, 66, and 67 show three 
configurations of the TMD register. 

Figure 65. TMD Register; Mode Word 



sc 


RWM 


CMODE 


BD 



7 







SC 


Counter 




00 
01 
10 

11 


TCT0 
TCT1 
TCT2 
Multiple latch command 




RWM 


Read/Write Mode 




00 
01 
10 

11 


Counter latch command 

Lower byte only 

Upper byte only 

Lower byte followed by upper byte 




CMODE 


Count Mode 





000 


ModeO 


001 


Model 


x10 


Mode 2 


X11 


Mode 3 


100 


Mode 4 


101 


Mode 5 



BD 



Count 



Binary count 
BCD count 



x = Don't care. 



Figure 66. TMD Register; Count Latch Command 
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TCU Commands 

The TCU is programmed by issuing I/O instructions to 
the I/O port addresses programmed in the OPHA and 
TULA registers. The individual TCU registers are se- 
lected by address bits A2 and A1 or (A^ and (An) as 
follows. 
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Timer Mode Register (TMD) 

The TMD register selects the operating mode for each 
timer/counter and issues the latch command for one or 
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Figure 67. TMD Register; Multiple Latch 
Command 
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Timer/Counter Registers (TCT) 

Writes to the timer/counter registers (TCT0-TCT2) stores 
the new count in the appropriate timer/counter. The 
count latch command is used before reading count data 
to latch the current count and prevent inaccuracies. 

Timer Status Registers (TST) 

The timer status registers (TST0-TST2) contain status 
information for the specified counter. See figure 68. The 
latch command is used to latch the appropriate counter 
status before reading status information. If both status 
and counter data are latched for a counter, the first read 
operation returns the status data and subsequent read 
operations obtain the count data. 

Figure 68. Timer Status Registers (TS Tn) 
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Count Modes 

There are six programmable timer/counter modes. The 
timing waveforms for these modes are shown in figure 
69. 

Mode (Interrupt on End of Count). In mode 0, TOUT 
changes from low to high level when the specified count 
is reached. This mode is available on all timer/counters. 

Mode 1 (Retriggerable One-Shot). In mode 1, a low- 
level, one-shot pulse triggered by TCTL is output from the 
TOUT pin. 

Mode 2 (Rate Generator). In mode 2, TOUT cyclically 
goes low for one clock period when the counter reaches 
the 0001 H count. A counter in this mode operates as a 
frequency divider. 

Mode 3 (Square-Wave Generator). Mode 3 is a fre- 
quency divider similar to mode 2, but the output has a 
symmetrical duty cycle. 

Mode 4 (Software-Triggered Strobe). In mode 4, when 
the specified count is reached, TOUT goes low for the 
duration of one clock pulse. 

Mode 5 (Hardware-Triggered Strobe). Mode 5 is simi- 
lar to mode 4 except that operation is triggered by the 
TCTL input and can be retriggered. 
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Figure SO. Timer Counter Unit (TCU) Waveforms (Sheet 1 of 3) 
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Figure 69. Timer Counter Unit (TCU) Waveforms (Sheet 2 of 3) 
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Figure 09. Timer Counter Unit (TCU) Waveforms (Sheet 3 of 3) 
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SERIAL CONTROL UNIT 

The serial control unit (SCU) is a single asynchronous 
channel that performs serial communication between 

Figure 70. SCU Block Diagram 



the V53 and an external device. The SCU is similar to the 
pPD71051 Serial Control Unit except for the lack of 
synchronous communication protocols. Figure 70 is a 
block diagram of the SCU. 
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The SCU has the following features. 

• Full-duplex, asynchronous serial controller 

• Clock rate divisor: 16 or 64 

• Baud rates to 640 kb/s (external clock), 500 kb/s 
(internal clock) 

• Dedicated baud-rate generator or can use timer 1 
Full modem signaling support (ATS, CTS, DSR, DTR) 
Character length: 7 or 8 bits 
Stop bit length: 1 or 2 bits 
Break transmission and detection 
Full-duplex, double-buffered transmitter/receiver 
Even, odd, or no parity 
Parity, overrun, and framing error detection 
Receiver-full/transmitter-empty interrupt 



The SCU contains four separately addressable registers 
for reading/writing data, reading status, and controlling 
operation of the SCU. The serial receive buffer (SRB) and 
the serial transmit buffer (STB) store the incoming and 
outgoing character data. The serial status register (SST) 
allows software to determine the current state of both 
the transmitter and the receiver. 

The serial command (SCM) and serial mode registers 
(SMD) determine the operating mode of the SCU while 
the serial interrupt mask register (SIMK) allows software 
control of the SCU receive and transmit interrupts. 

Serial Data Format 

Figure 71 shows the format of the serial data processed 
by the SCU. In this serial data, the character bits are 
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transferred between the CPU and SCU. The start bit, 
parity bit, and stop bit(s) sandwiching the character bits 
are control information necessary for serial data com- 
munications. They are automatically appended when 
data is transmitted or deleted when data is received by 
the SCU. 

Figure 71. Serial Data Format 
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Receiver Operation 

While the RxD pin is high, the receiver is in an idle state. 
A transition on RxD from high to low indicates the start 
of new serial data. When a complete character has been 
received, it is transferred to the SRB register. The receive 
buffer ready (RBRDY) bit in the SST register is set and (if 
unmasked) an interrupt is generated. The SST also 
latches any parity, overrun, or framing errors at this time. 

The receiver detects a break condition when a null 
character with zero parity is received. The BRK bit is set 
for as long as the subsequent receive data is low and 
resets when RxD returns to a high level. 

Transmitter Operation 

TxD is kept high while the STB register is empty. When 
the transmitter is enabled and a character is written to 
the STB register, the data is converted to serial format 
and output on the TxD pin. The start bit indicates the 
start of the transmission and is followed by the character 
stream (LSB to MSB) and an optional parity bit. One or 
two stop bits are then appended, depending on the 
programmed mode. When the character has been trans- 
ferred from the STB, the TBRDY bit in the SST is set and 
if unmasked, a transmit buffer empty interrupt is gener- 
ated. 

Serial data can be transmitted and received by polling 
the SST register and checking the TBRDY or RBRDY 
flags. Data can also be transmitted and received by 
SCU-generated interrupts. The SCU generates an inter- 
rupt in either of these conditions: 



(1) The receiver is enabled, the SRB is full, and receive 
interrupts are unmasked. 

(2) The transmitter is enabled, the STB is empty, and 
transmit interrupts are unmasked. 

SCU Registers and Commands 

I/O instructions to the I/O addresses selected by the 
OPHA and SULA registers are used to read/write the 
SCU registers. Address bits A 2 and Ai (or A-| and Aq) and 
the read/write lines select one of the six internal registers 
as shown below. 

A2 (Ai) Ai (Aq) Register Operation 
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Write 
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1 
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The baud rate counter (BRC) register is fixed at address 
FFE9H in the system I/O area. 

The SRB and STB are 8-bit registers. When the character 
length is 7 bits, the lower 7 bits of the SRB register are 
valid and bit 7 is cleared to 0. If programmed for 7-bit 
characters, bit 7 of the STB is ignored. 

The SST register (figure 72) contains the status of the 
transmit and receive data buffers and the error flags. 
Error flags are persistent. Once an error flag is set, it 
remains set until a clear error flags command is issued. 

SCU Initialization 

After a hardware reset, the SCU is set to the following 
condition. 
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1 bit 
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Fgunne 72. Serial Status Register (SS 77 



Figure 73. Serial Command Register (SCM) 
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The SCM register (figure 73) stores the command word 
that controls transmission, reception, error flag reset 
and break transmission. 

The SMD register (figure 74) stores the mode word that 
determines serial characteristics such as baud rate divi- 
sor, parity, character length, and stop bit length. 

Initialization software should first program the SMD 
register followed by the SCM register. Unlike the 
HPD71051, the SMD register can be modified anytime 
without resetting the SCU. 
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Figure 74. Serial Mode Register (SMD) 
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The SIMK register (figure 75) controls the occurrence of 
RBRDY and TBRDY interrupts. When an interrupt is 
masked, it is prevented from propagating to the interrupt 
control unit. 



71 



JL/PD70236 (V53) 



SEC 



Figure 75. Serial Interrupt Mask Register (SIMK) 
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Baud Rate Clock 

The baud rate clock may come from either of two 
sources: the internal baud rate generator or timer 1. The 



internal baud rate generator is discussed in the System 
I/O section, and timer 1 is described in the TCU section. 
The SCTL system I/O register controls the selection of 
the baud rate clock. 

INTERRUPT CONTROL UNIT 

The interrupt control unit (ICU) is a programmable inter- 
rupt controller equivalent to the /tPD71059. The ICU 
arbitrates up to eight interrupt inputs, generates a CPU 
interrupt request, and outputs the interrupt vector num- 
ber on the internal data bus during an interrupt acknowl- 
edge cycle. Cascading up to seven external slave 
jiPD71059 interrupt controllers permits the V53 to sup- 
port up to 56 interrupt sources. Figure 76 is the block 
diagram for the ICU. 



Figure 76. ICU Block Diagram 
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To reduce current drain in the standby modes, the V53 
does not have internal pullup resistors on the INTPO- 
INTP7 pins. This is different from the ^PD71059 and 
V40/V50. 

The ICU has the following features. 

• Eight external interrupt request inputs 

• Cascadable with jtPD71059 interrupt controllers 

• Programmable edge- or level-triggered interrupts 
(TCU, edge-triggered only) 

• Individually maskable interrupt requests 

• Programmable interrupt request priority 

• Polling mode 



ICU Registers 

Use I/O instructions to the I/O addresses selected by the 
OPHA and IULA registers to read from and write to the 
ICU registers. Address bit Ai and the command word 
select an ICU internal register. See table 7. 
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Table 7. 


ICU Register Selection 






Ai(Ao) 


Other Condition 


Operation 


Read 









IMD selects IRQ 
IMD selects IIS 
•Polling phase 


CPU - IRQ data 
CPU - IIS data 
CPU *- Polling data 




1 




- 


CPU — IMKW 


Write 









D4 = 1 

D4 =0andD3 - 

D4 = and D3 » 1 


CPU - IIW1 
CPU - IPFW 
CPU - IMDW 




1 
1 
1 




During Initialization 


CPU - IIW2 
CPU - IIW3 
CPU - IIW4 




1 




After initialization 


CPU - IMKW 



* In the polling phase, polling data has priority over the contents of 
the IRQ or IIS register when read. 

Initializing the ICU 

The ICU is always used to service maskable interrupts in 
a V53 system. Prior to accepting maskable interrupts, 
the ICU must first be initialized. See figure 77. Note that 
RESET does not initialize the ICU. 

Interrupt Initialization Words 1-4. Wards IIW1-IIW4 
(figures 78-81) indicate whether external /xPD71059s are 
connected as slaves, select the base interrupt vector, 
and select edge- or level-triggered inputs for INT1-INT7. 
Interrupt sources from the TCU are fixed as edge- 
triggering. INTO is internally connected to TOUTO, and 
INT2 may be connected to TOUT1 by the IRSW field in 
theOPCN. 

The initialization words are written in consecutive order 
starting with IIW1. IIW2 sets the interrupt vector. IIW3 
specifies which interrupts are connected to slaves. IIW3 
is only required in extended systems. The ICU will only 
expect to receive IIW3 if SNGL = (bit Dt of IIW1). IIW4 
is only written if II4 = 1 (bit D of IIW1). 



Figure 77. Initialization Sequence 
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Figure 78. ICU Initialize, Ward 1 (IIW1) 
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Figure 79. ICU Initialize, Word 2 0IW2) 
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Figure 80. ICU initialize, Word 3 (IIW3) 



Figure 83. Command Word IPFW 
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Figure 81. ICU Initialize, Word 4 (IIW4) 
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Command Words. The interrupt mask word (MKW) 
contains programmable mask bits for each of the eight 
interrupt inputs. The interrupt priority and finish word 
(IPFW) is used by the interrupt handler to terminate 
processing of an interrupt or change interrupt priorities. 
The interrupt mode word (IMDW) selects the polling 
register, interrupt request (IRQ) or interrupt in-service 
(IIS) register, and the nesting mode. See figures 82-84. 

Figure 82. Command Word I MKW 
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Figure 84. Command Word IMDW 
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/iPD71059 Cascade Connection 

To increase the number of maskable interrupts, up to 
seven slave jl/PD71059 interrupt controllers can be 
cascaded. During cascade operation, each slave 
/L/PD71059 INT output is routed to one of the V53 INTP 
inputs. 

During the second interrupt acknowledge bus cycle, 
the ICU places the slave address on the address lines 
Ao-A 2 . Each slave compares this address with the slave 
address programmed using interrupt initialization 
word 3 (IIW3). If the same, the slave will place the 
interrupt vector on pins Do-D 7 during the second inter- 
rupt acknowledge bus cycle. 
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DMA CONTROL UNIT 

The DMA control unit (OMAU) is a high-speed DMA 
controller compatible with the jiPD71071 and jiPD71037 
DMA controllers. The DMAU has four independent DMA 
channels and performs high-speed data transfers be- 
tween memory and external peripheral devices at 
speeds as high as 4M words/second in a 16-MHz system. 
Figure 85 is the block diagram for the DMAU. 

The DMAU has the following features. 

• Four independent DMA channels 



• pPD71037 or /aPD71071 compatibility modes 

• Cascade mode for slave DMA controllers 

• 24-bit address registers 

• 16-bit transfer count registers 

• Single, demand, and block transfer modes 

• Autoinitialization 

• Address increment/decrement 

• Fixed/rotating channel priorities 

• TC output at transfer end 

• Forced termination of service by END input 



Figure 85. DMAU Block Diagram 
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pPD71071 and pPD71Q37 Mode Comparison 

The DMAU has two operating modes selected by the 
SCTL system control register. Respectively, the 
MPD71071 and /aPD71037 modes offer hardware and 
software compatibility with existing systems based on 
the *iPD71071 DMA controller (also the V40/V50 micro- 
processor) and the ^PD8237 DMA controller. 



In applications where DMA software compatibility is not 
an issue, programming flexibility is greater in the 
ittPD71071 mode. However, the software DMA request 
capability of the jnPD71037 mode is often useful. 

The following compares the major functional differences 
between the two modes. 
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termination 


mode 


bus hold modes 


Software DMA 


Yes 


No 


requests 






DMA transfers 


Byte 


Byte or word 



The DMAU is intended for high-speed data transfers 
between memory and peripherals with minimum latency. 
Neither mode provides memory-to-memory DMA trans- 
fers because the powerful string moves of the CPU can 
accomplish block memory transfers as fast as dedicated 
DMA hardware could. The DMAU does not provide com- 
pressed timing as do thejnPD71071 and jiPD71037. 

Master/Slave Mode 

The DMAU operates in either master or slave mode. In 
slave mode, the DMAU samples the four DMARQ input 
pins every clock. If one or more inputs are active, the 
corresponding DMA request bits are set and the DMAU 
sends a bus request to the BAU while continuing to 
sample the DMA request inputs. 

After the BAU returns the DMA bus acknowledge signal, 
the DMAU stops DMA request sampling, selects the DMA 
channel with the highest priority, and enters the bus 
master mode to perform the DMA transfer. While in the 
bus master mode, the DMAU controls the external bus 
and performs DMA transfers based on the prepro- 
grammed channel information. 

See figure 45 and the associated text for a detailed 
description of DMA bus cycles. 

Terminal Count 

The DMAU ends DMA service when the terminal count 
condition is generated or when the END input is as- 
serted. A terminal count (TC) is produced when the 
contents of the current count register underflows from 
zero. If autoinitialization is not enabled when DMA ser- 
vice terminates, the mask bit of the channel is set and 



the DMARQ input of that channel is masked. Otherwise, 
the current count and address registers are reloaded 
from the base registers, and new DMA transfers are again 
enabled. 

DMA Transfer Type 

The type of transfer the DMAU performs depends on the 
following conditions. 

• Transfer direction (each channel) 

• Bus mode 

• Transfer mode (each channel) 

Transfer Direction 

All DMA transfers use memory as a reference point. 
Therefore, a DMA read operation (figure 86) transfers 
data from memory to I/O port and writes the data into 
memory. During memory-to-l/O transfer, the DMA mode 
register (DMD) is used to select the transfer directions 
for each channel and activate the appropriate control 
signals. 



Operation 

DMA read 
DMA write 
DMA verify 

Bus Mode 



Transfer 

Memory to I/O 
I/O to memory 
No transfer 



Signals Activated 

JOWR , MRP 
IORD, MWR 
Addresses only 



The two available modes for determining how the DMAU 
releases the CPU bus are bus release and bus hold. In 
pPD71037 mode, the DMAU always functions in bus 
release mode. In jtPD71071 mode, the DMAU is program- 
mable for bus release or bus hold mode via the DMA 
device control (DDC) register. 

In bus release mode, bus control is always relinquished 
each time the service has completed. Therefore, if mul- 
tiple DMA requests are generated simultaneously, a bus 
cycle other than that for the DMAU is inserted between 
consecutive DMA services (see figure 87). Consequently, 
in certain applications DMA response may be delayed. 
However, bus release mode gives better assurance that 
the CPU will continue to execute programs in DMA 
intensive environments. 

In bus hold mode, if another DMA request is generated 
before the end of one service, that request can be 
serviced without the DMAU relinquishing the bus. How- 
ever, the same channel cannot be serviced consecu- 
tively. This mode provides better DMA response but may 
prevent CPU bus activity for extended periods of time. 
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F#i#re 0& Typical Memory-to-l/O DMA Cycle 
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The operation of single, demand, and block transfers 
depends on whether the DMAU is in bus release or bus 
hold mode. Figure 88 shows the operations flow for the 
six possible transfer and bus mode operations in DMA 
transfer. 

Figure 87. Bus Modes 
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Transfer Modes 

The DMAU has three transfer modes as listed below. In 
/iPD71071 mode, bits 6 and 7 (TMODE) of the mode 
control register (DMD) select the transfer mode. In 
jtPD7l037 mode, bits 6 and 7 of the channel mode 
register specify the mode. Transfer mode operation is 
the same in both ^PD71071 and fiPD71037 modes. 

Transfer Mode Termination Conditions 
Single After each byte/word transfer 

END input 

Terminal count 
Demand END input 

Terminal count 

Service channel DMARQ dropped 

Generation of a higher priority 
DMARQ (bus hold mode) 
Block END input 

Terminal count 
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Figure 88. Transfer Modes 
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Single Transfer Mode. In bus release mode, when a 
channel completes transfer of a single byte or word, the 
DMAU enters the slave mode regardless of the state of 
DMA request inputs. In this manner, other lower priority 
bus masters can access the bus. 

In bus hold mode 0*PD71O71 mode only), when a chan- 
nel completes transfer of a single byte or word, the 
DMAU terminates the channel's service even if the 
DMARQ request signal is asserted. The DMAU will then 
service any other requesting channel. If there are no 
requests from any other DMA channels, the DMAU re- 
leases the bus and enters the idle state. 

Demand Transfer Mode. In bus release mode, the 
currently active channel continues to transfer data as 
long as the DMA request of that channel is active, even 
though other DMA channels are issuing higher priority 
requests. When the DMA request of the serviced channel 
becomes inactive, the DMAU releases the bus and 
enters the idle state. 

In bus hold mode (not available in juPD71037 mode), 
when the active channel completes a single transfer, the 
DMAU checks the other DMA request lines without 
ending the current service. If there is a higher priority 
DMA request, the DMAU stops the service of the current 
channel and starts servicing the highest priority channel 
requesting service. If there is no higher request than the 
current one, the DMAU continues to service the currently 
active channel. Lower priority DMA requests are honored 
without releasing the bus after the current channel 
service is complete. 

Block Transfer Mode. In bus release mode, the current 
channel contin ues D MA transfers until a terminal count 
or the external END input becomes active. During this 
time, the DMAU ignores all other DMA requests. After 
completion of the block transfer, the DMAU releases the 
bus and enters the idle state, even if DMA requests from 
other channels are active. 

In bus hold mode (/iPD71071 mode only), the cu rrent 
channel transfers data until an internal or external END 
signal becomes active. When the service is complete, 
the DMAU checks all DMA requests without releasing 
the bus. If there is an active request, the DMAU immedi- 
ately begins servicing the request. The DMAU releases 
the bus after it honors all DMA requests or a higher 
priority bus master requests the bus. 

Autoinitialize 

This function is enabled by programming the mode 
register friPD71071 and jiPD71037 modes). 



When a mode register enables autoinitialize for a chan- 
nel, the DMAU automati cally reinitializes the address 
and count registers when END is asserted or the termi- 
nal count condition is reached. The contents of the base 
address and base count registers are transferred to the 
current address and current count registers, and the 
applicable bit of the mask register remains cleared. 

Channel Priority 

Each of the four DMAU channels is assigned a priority. 
When multiple DMA requests from several channels 
occur simultaneously, the channel with the highest pri- 
ority will be serviced first. 

The device control register selects one of two priority 
schemes: fixed or rotating (figure 89). In fixed priority, 
channel is assigned the highest priority, and channel 3, 
the lowest. In rotating priority, priority order is rotated 
after each service so that the channel last serviced 
receives the lowest priority. This method prevents the 
exclusive servicing of higher priority channels and the 
lockout of lower priority DMA channels. 

The rotating priority feature is selected by programming 
the DMA device control (DDC) register in jtPD71071 
mode or by a write to the command register in *iPD71037 
mode. 

Figure 89. Priority Order 
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Cascade Connection 

Slave DMA controllers can be cascaded to easily expand 
the system DMA channel capacity to 16 DMA channels. 
Figure 90 shows an example of cascade connection. 
During cascade operation, the DMAU acts as a mediator 
between the BAU and the slave DMA controller. During 
DMA cascade mode operation, it is the responsibility of 
external logic to isolate the cascade bus master from the 
V53 control outputs. These outputs are listed near the 
beginning of this document. 

The DMAU always operates in the bus release mode 
while a cascade channel is in service, even when the bus 
hold mode is programmed. Other DMA requests are held 
pending while a slave DMA controller channel is in 
service. When the cascaded device ends service and 
moves into the idle state, the DMAU also moves to the 
idle state and releases the bus. The DMAU continues to 
operate normally with the other noncascaded channels. 

Figure 90. pPD7l071 Cascade Example 



Figure 91. Bus Waiting Operation 
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Bus Waiting Operation 

The DMAU automatically performs a bus waiting opera- 
tion (figure 91) whenever the REFU refresh request 
queue fills. When the DMA bus acknowledge goes inac- 
tive, the DMAU enters the bus waiting mode and inacti- 
vates the DMA bus request signal. Control of the bus is 
then transferred to the higher priority REFU by the BAU. 

Two clocks later, the DMAU reasserts its internal DMA 
bus request. The bus waiting mode is continued until the 
DMA bus acknowledge signal again becomes active and 
the interrupted DMA service is immediately restarted. 
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Address and Count Registers 

Each DMA channel has a 24-bit base address register 
and a 24-bit current address register. In addition, each 
channel also has its own 16-bit current count register 
and base count register. The base registers hold a value 
determined by the CPU and transfer this value to the 
current registers during autoinitialization. These regis- 
ters are available in both /iPD71071 mode and /*PD71037 
mode, but the method of accessing these registers 
changes with compatibility mode. 

The BNKR registers extend the /iPD71037 mode ad- 
dresses from 16 to 24 bits. In /xPD71071 mode, the count 
register and lower word of the address registers can be 
accessed in 16-bit quantities. In ^PD71037 mode, these 
registers must be accessed in 8-bit quantities. 

Programming the DMAU 

To prepare a channel for DMA transfer, the following 
characteristics must be programmed. 

• Starting address for the transfer 

• Transfer count 

• DMA operating mode 

• Transfer size (byte/word in mPD71071 mode) 

The contents of the OPHA and DULA registers determine 
the base I/O port address of DMAU. Addresses A3-A0 are 
used to select a particular register. There are two register 
sets, one for ^PD71071 mode and the other for /*PD71037 
mode. 

MPD71071 Mode 

The jiPD71071 mode is selected by programming the 
DMAU bit of the SCTL register to zero. The register set 
for this mode (table 7) is mapped into A3-A0 regardless of 
the IOAG value in the SCTL register. 
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Table 7. Register Selection OiPD71071 Mode) 



A3-A0 


Address 


Register 


Operation 


Notes 


0000 


OH 


DICM 


Write 


1 


0001 


1H 


DCH 


Read/Write 


1 


0010 


2H 


DBC/DCC (low) 


Read/Write 


2 


0011 


3H 


DBC/DCC (high) 


Read/Write 


2 


0100 


4H 


DBA/DCA (low) 


Read/Write 


2 


0101 


5H 


DBA/DCA (high) 


Read/Write 


2 


0110 


6H 


DBA/DCA (upper) 


Read/Write 


1.2 


0111 


7H 


Reserved 


- 




1000 


8H 


DDC (low) 


Read/Write 




1001 


9H 


DDC (high) 


Read/Write 




1010 


AH 


DMD 


Read/Write 


1,2 


1011 


BH 


DST 


Read 


1 


1100 


CH 


Reserved 


- 




1101 


DH 


Reserved 


- 




1110 


EH 


Reserved 


- 




1111 


FH 


DMK 


Read/Write 


1 



Notes: 

(1) Register can be accessed only with byte In/Out instructions. All 
others can be accessed with 16-bit In/Out instructions. 

(2) There are four such registers, one for each DMA channel. The 
particular register accessed is determined by the DCH register. 



DMAU Registers in pPD71071 Mode 

Initialize. The DMA initialize command register (DICM) 
performs a software reset of the DMAU. The DICM is 
accessed using the byte OUT instruction. See figure 92. 

The DMAU initializes the registers as follows. 



Reqister 


Name 


Operation 


DICM 


Initialize 


Clear 


DCH 


Channel 


Select channel 


DBC, DCC 


Count 


No change 


DBA, DCA 


Address 


No change 


DDC 


Device control 


Clear 


DMD 


Mode control 


Clear 


DST 


Status 


Clear 


DMK 


Mask 


Set (mask all channels) 



Figure 92. DMA Initialize Command Register 
(DICM); fiPD71071 Mode 
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Channel Register. Writes to the DMA channel register 
(DCH) select one of the four DMA channels for program- 
ming and also the base/current registers. Reads of the 
DCH register return the currently selected channel and 
the register access mode. See figure 93. 

Figure 93. DMA Channel Register (DCH); 
M PD71071 Mode 
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SELCH Selected Channel 


00 Channel 

01 Channel 1 

10 Channel 2 
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Count Registers. When bit 2 of the DCH register is 
cleared, a write to the DMA count register (figure 94) 
updates both the DMA base count (DBC) and the DMA 
current count (DCC) registers with a new count. If bit 2 of 
the DCH register is set, a write to the DMA count register 
affects only the DBC register. 
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The DBC register holds the initial count value until a new 
count is specified. If autoinitialization is enabled, this 
value is transferred to the DCC register when a terminal 
count or END condition occurs. For each DMA transfer, 
the current count register is decremented by 1. The 
count value loaded into the DBC/DCC register is 1 less 
than the desired transfer count. 

Figure 94. DMA Count Registers (DBC, DCC); 
fiPD71071 Mode 
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Address Register. Use either byte or word I/O instruc- 
tions with the lower 2 bytes (4H and 5H) of the DMA 
address register (figure 95). However, byte I/O instruc- 
tions must be used to access the high-order byte (6H) of 
this register. When bit 2 of the channel register is cleared, 
a write to the DMA address register updates both the 
DMA base address (DBA) and the DMA current address 
(DCA) registers with the new address. If bit 2 of the DCH 
register is set, a write to the DMA address register affects 
only the DBA register. 

The DBA register holds the starting address value until a 
new address is specified. This value is transferred to the 
DCA register automatically if autoinitialization is se- 
lected. For each DMA transfer, the current address 
register is updated by 2 during word transfers and by 1 
during byte transfers. 



Figure 95. DMA Address Registers (DBA, DCA); 
juPD71071 Mode 
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Device Control Register. The DMA device control reg- 
ister (DDC) (figure 96) is used to program the DMA 
transfer characteristics common to all DMA channels. It 



controls the bus mode, write timing, priority logic, and 
enable/disable of the DMAU See figure 97. 

Figure 96. DMA Device Control Register (DDC); 
/iPD71071 Mode 
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Notes: 

(1) Disables BUSRQ to the BAU to prevent incorrect DMA operation 
while the DMAU registers are being Initialized or modified. 

(2) When EXW = 0, the write signal becomes active (normal write) 
during S3 and SW. When EXW = 1, the write signal becomes 
active during S2, S3, and SW (like the read signal). 

(3) Wait states are generated by the READY signal during a verify 
transfer. 
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Figure 97. Early Write Cycle Timing 
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Mode Control Register. The DMA mode control register 
(DMD) selects the operating mode for each DMA chan- 
nel. The DCH register selects which DMD register will be 
accessed. A byte IN/OUT instruction must be used to 
access this register. See figure 98. 

Figure 98. DMA Mode Control Register (DMD); 
/tPD71071 Mode 
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Addresses and count registers are updated as follows 
during byte/word transfers. 



During word transfers, two bytes starting at an even 
address are handled as a single word. If the starting 
address is odd, a DMA transfer is started after first 
decrementing the address by 1. Fo r this reason, always 
select even addresses. The An and UBE outputs control 
byte and word DMA transfers. The following show s the 
relationship between the data bus width, An, and UBE 
signals, and data bus status. 



Ao 
0~ 
1 




UBE 



Data Bus Status 
D -D 7 valid 
D 8 -D-)5 valid 
D0-D15 valid 



Status Register. The DMA status register (DST) con- 
tains information about the current state of each DMA 
channel. Software can determine if a termination condi- 
tion has been reached (TC0-TC3) or if a DMA service 
request is present (RQ0-RQ3). The byte IN instruction 
must be used to read this register. See figure 99. 

Figure 99. DMA Status Register (DS T); 
fiPD71071 Mode 
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Mask Register. The DMA mask register (DMK) allows 
software to individually enable and disable DMA chan- 
nels. The DMK register can only be accessed via byte I/O 
instructions. See figure 100. 



Figure 100. 


DMA Mask Register (DMK); 
M PD71071 Mode 
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MPD71037 Mode 

The jaPD71037 mode is selected by programming the 
DMAM bit of the SCTL register to 1. See figure 48. Note 
that on RESET, the DMAU is put into mPD71071 mode. 
The register set for the *tPD71037 mode (table 8) is 
mapped into A 3 -Aq (IOAG = 0) or A4-A1 (IOAG = 1). For 
the case where IOAG = 1, the DULA system I/O register 
determines whether the DMAU responds to Aq = or 1. 



The commands and their corresponding addresses (A4- 
Aq) are shown here. 



Table 8. 


Register Set for M PD71037 Mode 


! 


Channel 


Register 


Read/Write 


Address 





DCA 
DCA, DCB 


R 
W 


0000 




DCC 
DCC, DBC 


R 
W 


0001 


1 


DCA 
DCA, DCB 


R 
W 


0010 




DCC 
DCC, DBC 


R 

w 


0011 


2 


DCA 
DCA, DCB 


R 
W 


0100 




DCC 
DCC, DBC 


R 
W 


0101 


3 


DCA 
DCA, DCB 


R 
W 


0110 




DCC 
DCC, DBC 


R 
W 


0111 




DST 
DDC 


R 
W 


1000 




DSRQ 


w 


1001 




DSCM 


W 


1010 




DMD 


W 


1011 




DMK 


W 


1111 



The registers in table 8 can be accessed only by byte I/O 
operations. The IOAG bit of the SCTL register determines 
whether these registers reside in contiguous bytes, or 
whether they each occupy one-half word (i.e., whether 
the registers are byte or word aligned). If word aligned 
(IOAG = 1), the low bit of the DULA register determines 
whether the DMAU will use the upper or lower byte of the 
word. In /&PD71071 mode, the setting of the IOAG bit 
makes no difference; the register addresses do not 
change. 

pPD71037 Commands 

In addition to the registers explained above, three I/O 
addresses cause commands to be executed when they 
are written to. The value of the data written is not 
important; it is the action of performing an I/O write to 
one of these addresses that initiates the desired action. 



Command 

Clear byte select flag 

Initialize 

Clear mask register 



IOAG=0 IOAG = 1 



x1100 
x1101 
X1110 



1100x 
1101x 
1110x 



DMAU Registers in pPD71037 Mode 

Most of the DMAU registers in this mode are the same as 
those in the /*PD71071 mode, but with a different I/O 
address or method of access. 

Count and Address Registers. The DCA, DBA, DCC, 
and DBC registers are 16 bits wide, but can only be 
accessed in byte-wide chunks. The byte select flag (BSF) 
determines which byte is accessed. When the BSF is low, 
the low byte is used; when the BSF is high, the high byte 
is used. The BSF cannot be read; to set it to a known 
state, a byte select flag clear command must be issued 
by performing an 8-bit I/O write to address x1 100b. To 
read or write one of these registers, first clear the BSF, 
and then perform two consecutive 8-bit I/O operations. 
The low byte will be accessed first and the high byte 
second. 

Bank Registers. The DMA memory addresses in the 
jiPD71037 mode are 16 bits, compared with 24-bit ad- 
dresses in the *iPD71071 mode. To expand the 16-bit 
addresses into the full 24-bit address space of the V53, a 
set of bank registers is provided, BN KR0-BNKR3, one per 
DMA channel. 

Each 8-bit register contains the upper address bits, 
A23-A16. to be used when a DMA channel is active. DMA 
addresses are modified after each transfer to point to the 
next address in the DMA buffer. The SCTL system I/O 
register, CE1-CE0 bits, control whether a carry is prop- 
agated into the upper address bits when the DMA ad- 
dress is incremented or decremented. CEO controls the 
carry propagation to A16 and CE1 controls the carry to 

A20- 

The BNKR registers are read or written using byte I/O 
operations. See figure 101. As with other V53 internal 
registers, the I/O address to which the BNKR registers 
respond is programmable. The BADR system I/O register 
(address FFE1H) sets the base address of the BNKR 
registers in the 256-byte block of I/O space selected by 
the OPHA register. See figure 102. 

Also, to allow maximum flexibility, the low two address 
bits of each BNKR register are programmable. The BSEL 
system I/O register (address FFE0H) sets the low two 
address bits for each BNKR register. See figure 103. As 
with other programmable addresses, the IOAG bit of the 
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SCTL register has the effect of shifting the settable 
address one bit position to the left. 

The bank registers are only enabled in jiPD71037 mode. 
In pPD71071 mode, they cannot be read or written. 

Figure 101. DMA Bank Registers (BNKR); 
fiPD71037 Mode 
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Device Control Register. In pPD71037 mode, there are 
fewer device options. The wait during verify and bus hold 
control bits are not offered. The DMA device control 
register (DDC) has only one byte to control early write 
cycles, channel priority, and global DMA enable. See 
figure 104. 



Figure 104. 
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Notes: 

(1) When EXW = 0, the write signal becomes active during S3 and 
SW When EXW = 1, the write strobe is asserted earlier during S2, 
S3, and SW (same as read strobe). 

Channel Mode Registers. Each channel has a mode 
register allocated to it. All four registers are accessed 
using the same I/O address. The low two bits of the data 
written to the DMD register select the channel. Note that 
byte transfers are supported but 16-bit transfers are not. 
Figure 105 shows the format of the channel mode regis- 
ter. 



* Address bits are A-|, Aq if IOAG = or A 2 , A^ if IOAG = 1 . (IOAG is 
a bit in the SCTL register.) 
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Status Register. This DST register (figure 74) is identi- 
cal to the mPD71071 mode DST register, but is at I/O 
address x1000b. 



Figure 106. 
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Mask Register and Single-Channel Mask Control 
Register. The format and I/O address of this DMK 
register (figure 107) is the same as in jaPD71071 mode 
except that it cannot be read; it is a write-only register. 
The DMK register can be put into a known state by 
writing to it directly, by using the clear mask register 
command, or by using the single-channel mask control 
register (DSCM) at I/O address x1010b to set or clear the 
enable bit for an individual channel (figure 108). 



Figure 107. 
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Figure 108. 
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Software DMA Request Register. The DSRQ register is 
used by software to trigger a DMA operation. One 
application is to simulate the assertion of a hardware 
DMA request for diagnostic purposes. This register is 
written with the number of the targeted channel and a bit 
that sets or clears an internal request flag associated 
with that channel. Figure 109 shows the format of this 
register. 



Figure 109. 
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Initialization. In pPD71037 mode, there is no DICM 
initialize register. Instead, the DMAU is initialized by 
performing an I/O write to address x1100b. 
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POWER CONSERVATION 

The V53 has three power conservation features. 

• Scalable system clock 

• Low-power HALT standby mode 

• Very-low-power STOP mode 

These features give three levels of power reduction, 
making the V53 ideal for use in portable or other 
low-power applications. The standby control register 
(SBCR) at address 0FFF1H in the system I/O area 
controls all three functions. See figure 110. 

Scalable System Clock 

The V53 is a CMOS device and power consumption is 
directly proportional to clock frequency. By reducing 
the frequency, power use can be significantly de- 
creased. The system clock is used by the CPU and 
internal peripherals. The CLKC field in the SBCR se- 
lects a scale factor that divides the oscillation fre- 
quency by 2, 4, 8, or 16 to produce the system clock. 
This value can be changed dynamically to adjust the 
clock rate to the most efficient performance level for 
the task at hand. 

Caution: The system clock must not be set to less than the 
minimum frequency specified in the AC Characteris- 
tics table. 

Figure 1 10. Standby Control Register (SBCR) 
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* For example, if WT = 11 and fci_K = 16 MHz, time = 4.096 ms 

HALT Standby Mode 

Power can be further reduced by putting the CPU in 
HALT standby mode. In this mode, the CPU is not 
operating, but all the internal peripherals are still 
enabled and may be drawing power. HALT mode is 



entered by setting the STOP bit in the SBCR to and 
executing a HALT instruction. (See table 1 for output 
pin states.) 

The V53 will come out of HALT standby mode in 
response to RESET, NMI, or an interrupt from the 
internal interrupt control unit. If interrupts were en- 
abled (IE= 1) before HALT mode was entered, an ICU 
interrupt wakeup will result in the interrupt handler 
being entered; if interrupts were not enabled (IE=0), 
then execution will resume at the instruction following 
the HALT that put the CPU in the standby mode. If NMI 
wakes up the CPU, the NMI handler is always entered. 

The bus hold (HLDRQ/HLDAK) function still operates 
during standby mode. External bus masters can take 
the bus from V53. Also, refresh and DMA cycles can still 
occur. The SCU and TCU can both be active, and can 
supply the wakeup interrupt if desired. 

STOP Mode 

This mode provides the maximum power reduction. The 
clock generator is disabled; the oscillator circuit is 
turned off. Power usage is minimal. STOP mode is 
entered by setting the STOP bit in the SBCR to 1 and 
executing a HALT instruction. Since the system clock is 
not active, none of the on-chip peripherals can be used. 

If the timer unit's TCLK input is used and driven by an 
external oscillator, the timer will continue to function 
and consume power. 

The output pins in STOP mode are in the same state as 
in HALT mode. Refer to table 1. The V53 will wake up 
from STOP mode in response to a RESET, NMI, or 
INTPn. The CPU may be in El or Dl state. The INTP line 
should be held active through oscillator stabilization 
time until it is acknowledged. 

Oscillator Stabilization Time 

When the V53 is reset or when it wakes up from STOP 
mode, the oscillator circuit is started up. This circuit 
can take a relatively long time to come up to speed and 
to stabilize. The oscillator stabilization time field (WT) 
in the SBCR does not affect the physical startup time; it 
determines how long the V53 will wait for the clock 
generator oscillator circuit to stabilize. The user should 
determine the worst case stabilization time and select 
a longer value of WT. 

RESET FUNCTION 

The V5 3 is reset when a falling edge is input to the 
RESET pin and is subsequently held low for six clocks 
or longer than the oscillator stabilization time and then 
made high. 
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CPU Operations 

When the V53 is reset, the CPU is initialized as shown in 
figure 111 and starts prefetching instructions from ad- 
dress FFFFOH. 

Figure 111. CPU Reset Status 
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Figure 1 12. Register Reset Status (cont) 
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INSTRUCTION SET HIGHLIGHTS 



Internal Register Operations 



Some internal registers are also initialized by the RESET 
input signal. See figure 112. The rest of the r egisters 
retain the status they had immediately before the RESET 
signal was applied, but their contents are undefined at 
power up. 

Figure 112. Register Reset Status 
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Enhanced Instructions 

In addition to the pPD8088/86 instructions, the 
juPD70236 has enhanced instructions listed in table 8. 



Table 8. 


Enhanced Instruction 


Instruction 


Function 


PUSH imm 


Pushes immediate data onto stack 


PUSHR 


Pushes 8 general registers onto stack 


POPR 


Pops 8 general registers onto stack 


MUL imm 


Executes 16-bit multiply of register or memory 
contents by immediate data 



SHLimm8 
SHR imm8 
SHRA imm8 
ROL imm8 
ROR imm8 
ROLC imm8 
RORC imm8 



CHKIND 



INM 



OUTM 



DISPOSE 



Shifts/rotates register or memory by immediate 
value 



Checks array index against designated 
boundaries 



Moves a string from an I/O port to memory 
Moves a string from memory to an I/O port 



PREPARE Allocates an area for a stack frame and copies 

previous frame pointers 



Frees the current stack frame on a procedure exit 
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Enhanced Stack Operation Instructions 

PUSH imm. This instruction allows immediate data to 
be pushed onto the stack. 

PUSH R; POP R. These instructions allow the contents 
of the eight general registers to be pushed onto or 
popped from the stack with a single instruction. 

Enhanced Multiplication Instructions 

MUL regie, Imm16; MUL meml6, imm16. These in- 
structions allow the contents of a register or memory 
location to be multiplied by immediate data. 

Enhanced Shift and Rotate Instructions 

SHL reg, imm8; SHR reg, imm8; SHRA reg, imm8. 

These instructions allow the contents of a register to be 
shifted by the number of bits defined by the immediate 
data. 

ROL reg, imm8; ROR reg imm8; ROLC reg, imm8; 
RORC reg, imm8. These instructions allowthe contents 
of a register to be rotated by the number of bits defined 
by the immediate data. 

Check Array Boundary Instruction 

CHKIND regie, mem32. This instruction is used to 
verify that index values pointing to the elements of an 
array data structure are within the defined range. See 
figure 113. The lower limit of the array should be in 
memory location mem32, the upper limit in mem32+2. If 
the index value in reg16 is not between these limits when 
CHKIND is executed, a BRK 5 will occur. This causes a 
jump to the location in interrupt vector 5. 

Figure 113. Check Array Boundary 
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Block I/O Instruction 

OUTM DW, src-block; INM dist-block, DW. These in- 
structions are used to output or input a string to or from 
memory, when preceded by a repeat prefix. 



Stack Frame Instruction 

PREPARE imm16,imm8. This instruction is used to 
generate the stack frames required by block-structured 
languages, such as PASCAL and Ada. The stack frame 
consists of two areas. One area has a pointer that points 
to another frame which has variables that the current 
frame can access. The other is a local variable area for 
the current procedure. 

DISPOSE. This instruction releases that last stack frame 
generated by the PREPARE instruction. It returns the 
stack and base pointers to the values they had before 
the PREPARE instruction was used to call a procedure. 

Unique Instructions 

In addition to the jiPD8088/86 instructions and the en- 
hanced instructions, the pPD70236 has the unique in- 
structions listed in table 9. 



Tables. 


Unique Instructions 


Instruction 


Function 


INS 


Insert bit field 


EXT 


Extract bit field 


ADD4S 


Adds packed decimal strings 


SUB4S 


Subtracts one packed decimal string from 
another 


CMP4S 


Compares two packed decimal strings 


ROL4 


Rotates one BCD digit left through AL lower 4 bits 


ROR4 


Rotates one BCD digit right through AL lower 4 bits 


BRKXA 


Break and enable expanded addressing 


RETXA 


Return from break and disable expanded 
addressing 


TEST1 


Tests a specified bit and sets/resets Z flag 


NOT1 


Inverts a specified bit 


CLR1 


Clears a specified bit 


SET1 


Sets a specified bit 


REPC 


Repeats next instruction until CY flag is cleared 


REPNC 


Repeats next instruction until CY flag is set 


FP02 


Additional floating-point processor call 



Variable Length Bit Field Operation Instructions 

This category has two instructions: INS (Insert Bit Field) 
and EXT (Extract Bit Field). These instructions are 
highly effective for computer graphics and high-level 
languages. They can, for example, be used for data 
structures such as packed arrays and record type data 
used in PASCAL. 
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INS reg8, reg8; INS reg8, Imm4. This instruction trans- 
fers low bits from the 16-bit AW register (the number of 
bits is specified by the second operand) to the memory 
location specified by the segment base (DS1 register) 
plus the byte offset (IY register). The starting bit position 
within this byte is specified as an offset by the lower 4 
bits of the first operand. See figure 1 14. 

After each complete data transfer, the IY register and the 
register specified by the first operand are automatically 
updated to point to the next bit field. 

Either immediate data or a register may specify the 
number of bits transferred (second operand). Because 
the maximum transferable bit length is 16 bits, only the 
lower 4 bits of the specified register (00H to OFH) will be 
valid. 

Bit field data may overlap the byte boundary of memory. 
Figure 114. Bit Field Insertion 
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EXT reg8, reg8; EXT reg8, Imm4. This instruction 
loads to the AW registers the bit field data whose bit 
length is specified by the second operand of the instruc- 
tion from the memory location that is specified by the 
DSO segment register (segment base), the IX index 
register (byte offset), and the lower 4 bits of the first 
operand (bit offset). See figure 115. 

After the transfer is complete, the IX register and the 
lower 4 bits of the first operand are automatically up- 
dated to point to the next bit field. 

Either immediate data or a register may be specified for 
the second operand. Because the maximum transfer- 
able bit length is 16 bits, however, only the lower 4 bits of 
the specified register (00H to OFH) will be valid. 

Bit field data may overlap the byte boundary of memory. 



Figure 115. Bit Field Extraction 
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Packed BCD Operation Instructions 

The instructions described here process packed BCD 
data either as strings (ADD4S, SUB4S, CMP4S) or byte- 
format operands (ROR4, ROL4). Packed BCD strings 
may be from 1 to 254 digits in length. 

When the number of digits is even, the zero (Z) and carry 
(CY) flags will be set according to the result of the 
operation. When the number of digits is odd, the Z and 
CY flags may not be set correctly. In this case (CL = 
odd), the Z flag will not be set unless the upper 4 bits of 
the highest byte are all Os. The CY flag will not be set 
unless there is a carry out of the upper 4 bits of the 
highest byte. When CL is odd, the contents of the upper 
4 bits of the highest byte of the result are undefined. 

ADD4S. This instruction adds the packed BCD string 
addressed by the IX index register to the packed BCD 
string addressed by the IY index register, and stores the 
result in the string addressed by the IY register. The 
length of the string (number of BCD digits) is specified 
by the CL register, and the result of the operation will 
affect the V (overflow), CY, and Z flags . 

BCD string (IY CL) *- BCD string (IY, CL) + BCD string 
(IX, CL) 

SUB4S. This instruction subtracts the packed BCD 
string addressed by the IX index register from the 
packed BCD string addressed by the IY register, and 
stores the result in the string addressed by the IY 
register. The length of the string (number of BCD digits) 
is specified by the CL register, and the result of the 
operation will affect the V, CY and Z flags. 

BCD string (IY, CL) <- BCD string (IY, CL) - BCD string 
(IX, CL) 

CMP4S. This instruction performs the same operation 
as SUB4S except that the result is not stored and only 
the V, CY, and Z flags are affected. 

BCD string (IY CL) - BCD string (IX, CL) 

ROL4. This instruction treats the byte data of the regis- 
ter or memory operand specified by the instruction as 
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BCD data and uses the lower 4 bits of the AL register 
(AI_l) to rotate that data one BCD digit to the left. See 
figure 116. 



Figure 116. 
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ROR4. This instruction treats the byte data of the regis- 
ter or memory specified by the instruction as BCD data 
and uses the lower 4 bits of the AL register (ALl) to rotate 
that data one BCD digit to the right. See figure 117. 

Figure 117. BCD Rotate Right 
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Bit Manipulation Instructions 

TEST1 . This instruction tests a specific bit in a register 
or memory location. If the bit is 1, the Z flag is reset to 0. 
If the bit is 0, the Z flag is set to 1. 

NOT1 . This instruction inverts a specific bit in a register 
or memory location. 

CLR1. This instruction clears a specific bit in a register 
or memory location. 

SET1. This instruction sets a specific bit in a register or 
memory location. 

Repeat Prefix Instructions 

REPC. This instruction causes the /aPD70236 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes cleared or the CW register be- 
comes zero. 

REPNC. This instruction causes the juPD70236 to repeat 
the following primitive block transfer instruction until 
the CY flag becomes set or the CW register becomes 
zero. 

Address Expansion Control Instructions 

BRKXA imm8. This instruction is used to turn on ex- 
panded addressing. The 8-bit immediate data specifies 
an interrupt vector. The PC field of this vector is loaded 
into the PC (and PFP). The XA flag in the XAM register is 
set to 1, thereby enabling the expanded addressing 



mode. The7iPD70236 will begin fetching from the new 
PFP through the address translation table. That is, the 
new PC is treated as a logical address and is translated 
to the new, larger physical address space. 

This instruction does not save any return address infor- 
mation, such as PC, PS, or PSW to the stack. 

RETXA imm8. This instruction is used to turn off ex- 
panded addressing. It is identical in operation to BRKXA, 
except that the expanded addressing mode is turned off 
before fetching from the new address. That is, the XA flag 
in the XAM register is set to 0, and the PC is loaded with 
the value of the PC field in the interrupt vector selected 
by the immediate data. 

This instruction does not save any return address infor- 
mation such as PC, PS, or PSW to the stack. 

Porting pPD701 16/701 08 Code to pPD70236 

The /&PD70236 is completely software compatible with 
the /*PD701 16/70108. However, the jtPD70236 offers 
some improvements that may affect the porting of 
jxPD70116 code to the /xPD70236. These improvements 
are: 

(1) The /xPD70116 does not trap on undefined opcodes. 
The ^PD70236 will trap, and also will trap when a 
register addressing mode is used for any of these 
instructions: 



CHKIND 
MOV DS0/DS1 
CALL 1,id 



LDEA 
BR 1,id 



(2) During signed division (DIV), if the quotient is 80H 
(byte operation) or 8000H (word), the jiPD70116 will 
take a Divide By trap. The /*PD70236 will perform 
the calculation. 

(3) When the /*PD70116 executes the POLL instruction, 
it will wait for the POLL input signal to be asserted. 
The/xPD70236 has no POLL input; instead, when this 
instruction is executed, if a coprocessor is not 
connected, then a Coprocessor Not Present trap will 
be taken. If a coprocessor is attached, then no 
operation takes place. 

The /iPD70116 accepts FP01 and FP02 as opcodes 
for the iAPX8087 coprocessor. The j*PD70236 ac- 
cepts these as opcodes for the /*PD72291 coproces- 
sor, which is not compatible with the iAPX8087. 

(4) During the POP R instruction, the *iPD70116 does 
not restore the SP register. The ^PD70236 does 
restore the SP. 
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(5) When processing a divide error, the pPD70116 saves 
the address of the next instruction. The pPD70236 
saves the address of the current instruction (the 
divide instruction). 

(6) The juPD70116 allows up to three prefix instructions 
in any combination. The pPD70236 also allows three 
prefixes, but only one of each type can be used. The 
pPD70236 could operate incorrectly if there are two 
prefixes of the same type. For example, consider: 

REP 

REPC 

CMPBK SS: src-block, dst-block 

If the compare operation is interrupted, then when it 
resumes following the interrupt service, execution 
will begin at the REPC instruction, not the REP 
instruction, because two repeat prefixes were used. 

(7) The mPD70116 acc epts NMI requests even while 
processin g an NMI. The nPD70236 does not allow 
nes ting of NMIs; the NMI input will be ignored until 
the NMI interrupt handler is exited. 



INSTRUCTION SET 

Symbols 

Preceding the instruction set, several tables explain 
symbols, abbreviations, and codes. 

Clocks 

In the Clocks column of the instruction set, the numbers 
cover these operations: instruction decoding, effective 
address calculation, operand fetch, and instruction exe- 
cution. 

Clock timings assume the instruction has been 
prefetched and is present in the 8-byte instruction 
queue. Otherwise, add two clocks for each pair of bytes 
not present. 

Word operands require two additional clocks for each 
transfer to an unaligned (odd address) memory operand. 
These times are shown on the right side of the slash (/). 

For conditional control transfer or branch instructions, 
the number on the left side of the slash is applicable if the 
transfer or branch takes place. The number on the right 
side is applicable if it does not take place. 

If a range of numbers is given, the execution time 
depends on the operands involved. 
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fiPD70236 (V53) 



Symbols 



Symbol 


Meaning 


ace 


Accumulator(AW or AL) 


duso 


Displacement (8 or 16 bits) 


dmem 


Direct memory address 


dst 


Destination operand or address 


ext-disp8 


16-bit displacement (sign-extension byte + 8- 
bit displacement) 


farjabel 


Label within a different program segment 


far_proc 


Procedure within a different program segment 


fp_op 


Floating-point instruction operation 


imm 


8- or 16-bit immediate operand 


imm3/4 


3- or 4-bit immediate bit offset 


imm8 


8-bit immediate operand 


imm16 


16-bit immediate operand 


mem 


Memory field (000 to 111); 8- or 16-bit memory 
location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


memptrl6 


Ward containing the destination address within 
the current segment 


memptr32 


Double word containing a destination address in 
another segment 


mod 


Mode field (00 to 10) 


near_label 


Label within the current segment 


near_proc 


Procedure within the current segment 


offset 


Immediate offset data (16 bits) 


pop.value 


Number of bytes to discard from the stack 


reg 


Register field (000 to 111); 8- or 16-bit general- 
purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


regptr 


16-bit register containing a destination address 
within the current segment 


regptr16 


Register containing a destination address within 
the current segment 


seg 


Immediate segment data (16 bits) 


short-label 


Label between —128 and +127 bytes from the 
end of the current instruction 


sr 


Segment register 


sre 


Source operand or address 


temp 


Temporary register (8/16/32 bits) 


AC 


Auxiliary carry flag 


AH 


Accumulator (high byte) 



Symbol 


Meaning 


AL 


Accumulator (low byte) 


AW 


Accumulator (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


BP 


BP register 


BRK 


Break flag 


BW 


BW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


CW 


CW register (16 bits) 


CY 


Carry flag 


DH 


DW register (high byte) 


DIR 


Direction flag 


DL 


DW register (low byte) 


DS0 


Data segment register (16 bits) 


DS1 


Data segment 1 register (16 bits) 


DW 


DW register (16 bits) 


IE 


Interrupt enable flag 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


MD 


Mode flag 


P 


Parity flag 


PC 


Program counter (16 bits) 


PS 


Program segment register (16 bits) 


PSW 


Program status word (16 bits) 


R 


Register set 


S 


Sign extend operand field 

S = No sign extension 

S =» Sign extend immediate byte operand 


S 


Sign flag 


SP 


Stack pointer (16 bits) 


SS 


Stack segment register (16 bits) 


V 


Overflow flag 


W 


Word/byte field (0 to 1) 


X, XXX, YYY, ZZZ 


Data to identify the instruction code of the 
external floating-point arithmetic chip 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 


z 


Zero flag 
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NEC 



Flag Operations 



Symbol 




Meaning 




(blank) 




No change 









Cleared to 




1 




Set to 1 




X 




Set or cleared according to result 


u 




Undefined 




R 




Restored to previous state 


Memory Addressing Modes 


mem 


mod = 00 


mod = 01 


mod - 10 


000 


BW+IX 


BW + IX + disp8 


BW + IX + disp16 


001 


BW+IY 


BW + IY + dispS 


BW + IY + disp16 


010 


BP + IX 


BP + IX + disp8 


BP + IX + disp16 


011 


BP + IY 


BP + IY + disp8 


BP + IY + disp16 


100 


IX 


IX + disp8 


IX + disp16 


101 


IY 


IY + disp8 


IY + dlsp16 


110 


Direct 


BP + disp8 


BP + disp16 


111 


BW 


BW + disp8 


BW + disp16 



Register Selection (mod = 11) 




reg W = 


W= 1 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


011 BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


IY 


Segment Register Selection 


sr Segment Register 


00 DS1 


01 PS 


10 SS 


11 DS0 



Instruction Set 



Mnemonic 


Operand 


7 


6 


5 


4 


3 


2 


1 


Opcode 
7 6 


5 


4 3 


2 1 


Clocks 


Bytes 


Flags 
AC CY V P S 2 


Data Transfer Instructions 


MOV 


reg, reg 


1 











1 





1 


W 


1 1 




reg 


reg 


2 


2 






mem, reg 


1 











1 








W 


mod 




reg 


mem 


3/5 


2-4 






reg, mem 


1 











1 





1 


w 


mod 




reg 


mem 


5/7 


2-4 






mem, imm 


1 


1 











1 


1 


w 


mod 




000 


mem 


3/5 


3-6 






reg, 1mm 


1 





1 


1 


W 




reg 


I 










•2 


2-3 






ace, dmem 


1 





1 














w 










5/7 


3 






dmem, ace 


1 





1 











1 


w 










3/5 


3 






sr, regl6 


1 











1 


1 


1 





1 1 





sr 


reg 


2 


2 






sr, mem 16 


1 











1 


1 


1 





mod 





sr 


mem 


5/7 


2-4 






regl6, sr 


1 











1 


1 








1 1 





sr 


reg 


2 


2 






meml6, sr 


1 











1 


1 








mod 





sr 


mem 


3/5 


2-4 






DS0, reg16, mem32 


1 


1 











1 





1 


mod 




reg 


mem 


10/14 


2-4 






DS1, reg16, mem32 


1 


1 











1 








mod 




reg 


mem 


10/14 


2-4 






AH, PSW 


1 








1 


1 


1 


1 


1 










2 


1 






PSW AH 


1 








1 


1 


1 


1 













2 


1 


X X XXX 


LDEA 


reg16, mem16 


1 











1 


1 








mod 




reg 


mem 


2 


2-4 




TRANS 


srctable 


1 


1 





1 





1 


1 


1 










5 


1 
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Mnemonic Operand 7 6 


5 


4 


3 


2 


Opcode 
1 7 6 5 4 3 


2 1 


Clocks 


Flags 
Bytes AC CY V P S Z 


Data Transfer Instructions (cont) 


XCH reg, reg 1 











1 


1 W 


1 1 reg 


reg 


3 


2 


mem, reg 1 











1 


1 W 


mod reg 


mem 


8/12 


2-4 


AW, reg16 1 





1 







reg 






3 


1 


Repeat Prefixes 


REPC 1 


1 








1 


1 






2 


1 


REPNC 1 


1 








1 









2 


1 


REP 1 1 

REPE 

REPZ 


1 


1 








1 1 






2 


1 


REPNE 1 1 
REPNZ 


1 


1 








1 






2 


1 


Block Transfer Instructions 



MOVBK 



dst, src 



1 1 1 W 



3 + 4n (W = 0) 

3 + 4n (W = 1, even addresses) 
3 + 8n (W = 1, odd addresses) 
3 + 6n (W - 1, odd/even addresses) 



CMPBK 



dst, src 



10 10 1 1 W 



1 



X X X X 



3 + 7n (W = 0) 

3 + 7n (W - 1, even addresses) 
3 + 11n (W = 1, odd addresses) 
3 + 9n (W = 1, odd/even addresses) 



CMPM 



dst 



1 1 1 1 1 W 



1 



X X X X X 



3 + 5h (W = 0) 

3 + 5n (W = 1, even addresses) 

3 + 7n (W = 1, odd addresses) 



LDM 



1 1 1 1 W 



1 

5 + 2n (W = 0) 

5 + 2n (W = 1, even addresses) 

5 + 4n (W = 1, odd addresses) 



STM 



dst 



1 1 1 1 W 



1 

3 + 2n (W = 0) 

3 + 2n (W = 1, even addresses) 

3 + 4n (W = 1, odd addresses) 



n = number of returns 

String Instruction execution clocks for a single-Instruction execution are in parentheses. 
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Instruction Set (cont) 



Opcode 
Mnemonic Operand 7654321 76543210 Clocks 



Flags 
Bytes AC CY V P S Z 



I/O Instructions (cont) 



IN 


ace, Imm8 


1 


1 








1 





W 


5/7 


2 




ace, DW 


1 


1 





1 


1 





W 


3/5 


1 


OUT 


Imm8, ace 


1 


1 








1 


1 


W 


3/5 


2 




DW, ace 


1 


1 





1 


1 


1 


W 


3/5 


1 


INM 


dst, DW 





1 





1 


1 





W 




1 



3 + 11n (W = 0) 
3 + 8n (W = 1, even addresses) 
3 + 22n (W = 1, odd addresses) 
3 +20n (W = 1, odd/even addresses; 

odd for I/O) 
3 + 13n (W = 1, odd/even addresses; 

odd for memory) 



OUTM 



DW, sre 



1 1 1 1 1 W 



1 

3 + 11n (W = 0) 
3 + 8n (W = 1, even addresses) 
3 + 22n (W = 1, odd addresses) 
3 + 20n (W = 1 , odd addresses; 

odd for I/O) 
3 + 13n (W = 1, odd addresses; 

odd for memory) 





n = number of transfers 

String instruction execution clocks for a single-instruction execution 

Use the right side of the slash (/) for DMA I/O accesses. 


are In parentheses. 
















BCD Instructions 


ADJBA 










1 


1 





1 


1 1 


















4 




1 


X 


X 


u 


u 


u 


u 


ADJ4A 










1 








1 


1 1 


















2 




1 


X 


X 


u 


X 


X 


X 


ADJBS 










1 


1 


1 


1 


1 1 


















4 




1 


X 


X 


u 


u 


u 


u 


ADJ4S 










1 





1 


1 


1 1 


















2 




1 


X 


X 


u 


X 


X 


X 


ADD4S 


dst, sre 














1 


1 


1 1 








1 

















2 + 


18n 


2 


u 


X 


u 


u 


u 


X 


SUB4S 


dst, sre 














1 


1 


1 1 








1 











1 





2 + 


18n 


2 


u 


X 


u 


u 


u 


X 


CMP4S 


dst, sre 














1 


1 


1 1 








1 








1 


1 





7 + 


14n 


2 


u 


X 


u 


u 


u 


X 



ROL4 



reg8 111 

110 re( 



10 10 9 



mem8 111 1 

mod mem 



1 1 15 



3-5 



ROR4 



reg8 111 1 

110 reg 



10 1 1 13 



mem8 111 1 

mod mem 



1 1 1 19 



3-5 



n = number of BCD digits divided by 2 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 


2 


1 


Opcode 
76543210 Clocks 


Bytes AC 


Flags 
CY V P S Z 


Data Type Conversion Instructions 


CVTBD 110 10 


1 








1 1 12 


2 u 


U U X X X 


CVTDB 110 10 


1 





1 


10 10 8 


2 u 


U U X X X 


CVTBW 10 11 











2 


1 




CVTWL 10 11 








1 


2 


1 




Arithmetic Instructions 



ADD 



reg, reg 



1 W 11 



reg 



reg 



mem, reg 0OOOOOOW mod 



reg 



7/11 



reg, mem 1 W 



mod 



reg 



6/8 



reg, imm 



100000SW 11000 



reg 



mem, imm 1 S W mod 



7/11 



ace, imm 



0-1 W 



2-4 



2-4 



3-4 



3-6 



2-3 



ADDC 



reg, reg 



10 



W 



1 1 



reg 



reg 



mem, reg 1 W 



mod 



reg 



7/11 



reg, mem 1 1 W 



mod 



reg 



6/8 



reg, imm 



100000SW 11010 



reg 



mem, imm 1 S W mod 1 



7/11 



ace, imm 



1 1 W 



2-4 



2-4 



X X X X 



3-4 



3-6 



2-3 



SUB 



reg, reg 



10 10 



W 



1 1 



reg 



reg 



mem, reg 1 1 W mod 



reg 



7/11 



reg, mem 1 1 1 W 



mod 



reg 



reg, imm 



100000SW 11101 



reg 



mem, imm 1 S W mod 1 1 



7/11 



ace, imm 



1 1 1 W 



2-4 



2-4 



3-4 



3-6 



2-3 



SUBC 



reg, reg 



1 1 1 W 11 



reg 



reg 



mem, reg 1 1 W 



mod 



reg 



7/11 



reg, mem 1 1 1 W 



mod 



reg 



6/8 



2-4 



2-4 





reg, imm 



















s 


W 


1 1 





1 


1 


reg 


2 


3-4 


X 


X 


X 


X 


X 


X 




mem, imm 



















s 


W 


mod 





1 


1 


mem 


7/11 


3-6 


X 


X 


X 


X 


X 


X 




ace, imm 











1 


1 


1 





W 












2 


2-3 


X 


X 


X 


X 


X 


X 


INC 


reg8 




1 




1 


1 


1 


1 





1 1 











reg 


2 


2 


X 




X 


X 


X 


X 




mem 




1 




1 


1 


1 


1 


W 


mod 











mem 


7/11 


2-4 


X 




X 


X 


X 


X 




reg16 





1 


o 










reg 














2 


1 


X 




X 


X 


X 


X 


DEC 


reg8 




1 




1 


1 


1 


1 





1 1 








1 


reg 


2 


2 


X 




X 


X 


X 


X 




mem 




1 




1 


1 


1 


1 


W 


mod 








1 


mem 


7/11 


2-4 


X 




X 


X 


X 


X 




reg16 





1 








1 




reg 














2 


1 


X 




X 


X 


X 


X 


MULU 


reg8 




1 




1 





1 


1 





1 1 


1 








reg 


8 


2 


u 


X 


X 


u 


u 


u 




reg16 




1 




1 





1 


1 


1 


1 1 


1 








reg 


12 


2 


u 


X 


X 


u 


u 


u 




mem8 




1 




1 





1 


1 





mod 


1 








mem 


12 


2-4 


u 


X 


X 


u 


u 


u 




mem16 




1 




1 





1 


1 


1 


mod 


1 








mem 


16/18 


2-4 


u 


X 


X 


u 


u 


u 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 



Opcode 
5 4 3 2 10 7 6 



5 4 3 2 10 Clocks 



Flags 
Bytes AC CY V P S Z 



Arithmetic Instructions (cont) 



MUL 


reg8 




1 


1 


1 





1 


1 





1 1 


1 





1 


reg 


8 


2 


u 


X 


X 


u 


u 


u 




reg16 




1 


1 


1 





1 


1 


1 


1 1 


1 





1 


reg 


12 


2 


u 


X 


X 


u 


u 


u 




mem8 




1 


1 


1 





1 


1 





mod 


1 





1 


mem 


12 


2-4 


u 


X 


X 


u 


u 


u 




mem16 




1 


1 


1 





1 


1 


1 


mod 


1 





1 


mem 


16/18 


2-4 


u 


X 


X 


u 


u 


u 




regl6, reg16, imm8 





1 





1 





1 


1 


1 1 




reg 




reg 


12 


3 


u 


X 


X 


u 


u 


u 




regl6, mem16 


imm8 





1 





1 





1 


1 


mod 




reg 




mem 


16/18 


3-5 


u 


X 


X 


u 


u 


u 




reg16, reg16, imm16 





1 





1 








1 


1 1 




reg 




reg 


12 


4 


u 


X 


X 


u 


u 


u 




reg16, mem16 


imm16 





1 





1 








1 


mod 




reg 




mem 


16/8 


4-6 


u 


X 


X 


u 


u 


u 


DIVU 


reg8 






1 


1 





1 


1 





1 1 


1 


1 





reg 


11 


2 


u 


u 


u 


u 


u 


u 




reg16 






1 


1 





1 


1 


1 


1 1 


1 


1 





reg 


19 


2 


u 


u 


u 


u 


u 


u 




mem8 






1 


1 





1 


1 





mod 


1 


1 





mem 


15 


2-4 


u 


u 


u 


u 


u 


u 




mem16 






1 


1 





1 


1 


1 


mod 


1 


1 





mem 


23/25 


2-4 


u 


u 


u 


u 


u 


u 


DIV 


reg8 . 






1 1 


1 





1 


1 





1 1 


1 


1 


1 


reg 


16 


2 


u 


u 


u 


u 


u 


u 




reg16 






1 1 


1 





1 


1 


1 


1 1 


1 


1 


1 


reg 


24 


2 


u 


u 


u 


u 


u 


u 




mem8 






1 1 


1 





1 


1 





mod 


1 


1 


1 


mem 


20 


2-4 


u 


u 


u 


u 


u 


u 




mem16 






1 1 


1 





1 


1 


1 


mod 


1 


1 


1 


mem 


28/30 


2-4 


u 


u 


u 


u 


u 


u 



Comparison Instructions 



CMP 



reg, reg 








1 


1 


1 





1 


W 


1 1 




reg 


reg 


2 


2 


x 


X 


X 


X 


X 


X 


mem, reg 








1 


1 


1 








w 


mod 




reg 


mem 


6/8 


2-4 


X 


X 


X 


X 


X 


X 


reg, mem 








1 


1 


1 





1 


w 


mod 




reg 


mem 


6/8 


2-4 


X 


X 


X 


X 


X 


X 


reg, imm 


1 

















S 


w 


1 1 


1 


1 1 


reg 


2 


3-4 


X 


X 


X 


X 


X 


X 


mem, imm 


1 

















S 


w 


mod 


1 


1 1 


mem 


6/8 


3-6 


X 


X 


X 


X 


X 


X 



ace, imm 








1 


1 


1 


1 





w 










2 


2-3 


X 


X 


X X X X 


Logical Instructions 


NOT reg 


1 


1 


1 


1 





1 


1 


w 


1 1 





1 


reg 


2 


2 








mem 


1 


1 


1 


1 





1 


1 


w 


mod 





1 


mem 


7/11 


2-4 








NEG reg 


1 


1 


1 


1 





1 


1 


w 


1 1 





1 1 


reg 


2 


2 


X 


X 


X X X X 


mem 


1 


1 


1 


1 





1 


1 


w 


mod 





1 1 


mem 


7/11 


2-4 


X 


X 


X X X X 



TEST 



reg, reg 



1 1 W 11 



reg 



x x x 



mem, reg 



1 1 W 



mod 



6/8 



2-4 



x x x 



imm 



1111011W 11000 



reg 



3-4 



mem, imm 



1 1 1 1 1 1 W mod 



6/8 



3-6 



ace, imm 



1 1 1 W 



2-3 



AND 



1 1 W 11 



reg 



reg 



mem, reg 



1 W mod 



reg 



7/11 



2-4 



x x x 



reg, mem 



1 1 W 



mod 



reg 



6/8 



2-4 



x 



reg, imm 



10 W 11100 



3-4 



mem, imm 



1 W mod 1 



7/11 



3-6 



ace, imm 



1 1 W 



2-3 
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Instruction Set (cont) 


Opcode 
Mnemonic Operand 76543210 76543210 Clocks 


Flags 
Bytes AC CY V P S Z 


Logical Instructions (cont) 



OR 



reg, reg 














1 





1 


w 


1 1 




reg 




reg 


2 


2 


u 








X 


X 


X 


mem, reg 














1 








w 


mod 




reg 




mem 


7/11 


2-4 


u 








X 


X 


X 


reg, mem 














1 





1 


w 


mod 




reg 




mem 


6/8 


2-4 


u 








X 


X 


X 


reg, imm 


1 




















w 


1 1 








1 


reg 


2 


3-4 


u 








X 


X 


X 


mem, imm 


1 




















w 


mod 








1 


mem 


7/11 


3-6 


u 








X 


X 


X 


ace, imm 














1 


1 





w 












2 


2-3 


u 








X 


X 


X 


reg, reg 








1 


1 








1 


w 


1 1 




reg 




reg 


2 


2 


u 








X 


X 


X 


mem, reg 








1 


1 











w 


mod 




reg 




mem 


7/11 


2-4 


u 








X 


X 


X 


reg, mem 








1 


1 








1 


w 


mod 




reg 




mem 


6/8 


2-4 


u 








X 


X 


X 


reg, imm 


1 




















w 


1 1 


1 


1 





reg 


2 


3-4 


u 








X 


X 


X 


mem, imm 


1 




















w 


mod 


1 


1 





mem 


7/11 


3-6 


u 








X 


X 


X 



XOR 



ace, imm 





1 


1 





1 w 
















2 


2-3 


u 








X 


X 


X 


Bit Manipulation Instructions 




INS reg8, reg8 




1 1 






reg 


1 


1 
reg 








1 


1 











1 


37-61/ 
39-77 


3 














reg8, imm4 




1 1 










1 




1 
reg 








1 


1 


1 








1 


37-69/ 
39-77 


4 














EXT reg8, reg8 




1 1 






reg 


1 


1 
reg 








1 


1 








1 


1 


29-61/ 
33-63 


3 














reg8, imm4 




1 1 










1 




1 
reg 








1 


1 


1 





1 


1 


29-61/ 
33-63 


4 














TEST1 reg, CL 




1 1 










1 




1 
reg 











1 











w 


4 


3 


u 








u 


u 


X 


mem8, CL 



mod 










1 




1 
mem 











1 














8 


3-5 


u 








u 


u 


X 


mem16, CL 



mod 










1 




1 
mem 











1 











1 


8/10 


3-5 


u 








u 


u 


X 


reg, imm3/4 




1 1 










1 




1 
reg 











1 


1 








w 


4 


4 


u 








u 


u 


X 


mem8, imm3 



mod 










1 




1 
mem 











1 


1 











13 


4-6 


u 








u 


u 


X 


mem 16, imm4 



mod 










1 




1 
mem 











1 


1 








1 


8/10 


4-6 


u 








u 


u 


X 


SET1 reg, CL 




1 1 










1 




1 
reg 











1 





1 





w 


4 


3 














mem, CL 



mod 










1 




1 
mem 











1 





1 





w 


9 


3-5 














reg, imm3/4 











1 


1 











1 


1 


1 





w 


4 


4 















1 1 



reg 
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V£C 



Instruction Set (cont) 



Mnemonic Operand 



Opcode 
76543210 76543210 Clocks 



Flags 
Bytes AC CY V P S Z 



Bit Manipulation Instructions (cont) 



SET1 (cont) 


mem8, Imm3 



mod 










1 




1 1 1 
mem 











1 


1 


1 








9 


4-6 






mem 16, imm4 



mod 










1 




1 1 1 
mem 











1 


1 


1 





1 


9/13 


4-6 






CY 


1 1 


1 


1 


1 


1 


















2 


1 


1 




DIR 


1 1 


1 


1 


1 


1 1 


















2 


1 




CLR1 


reg, CL 




1 1 










1 




1 1 1 
reg 











1 








1 


w 


4 


3 






mem8, CL 



mod 










1 




1 1 1 
mem 











1 








1 





9 


3-5 






mem 16, CL 



mod 










1 




1 1 1 
mem 











1 








1 


1 


9/13 


3-5 






reg, imm3/4 




1 1 










1 




1 1 1 
reg 











1 


1 





1 


w 


4 


4 






mem8, imm3 



mod 










1 




1 1 1 
mem 











1 


1 





1 





9 


4-6 






mem16, imm4 



mod 










1 




1 1 1 
mem 











1 


1 





1 


1 


9/13 


4-6 






CY 


1 1 


1 


1 


1 





















2 


1 







DIR 


1 1 


1 


1 


1 


1 


















2 


1 




NOT1 


reg, CL 




1 1 










1 




1 1 1 
reg 











1 





1 


1 


w 


4 


3 






mem8, CL 



mod 










1 




1 1 1 
mem 











1 





1 


1 





9 


3-5 






mem 16, CL 



mod 










1 




1 1 1 
mem 











1 





1 


1 


1 


9/13 


3-5 






reg, imm3/4 




1 1 










1 




1 1 1 
reg 











1 


1 


1 


1 


w 


4 


4 






mem8, imm3 



mod 










1 




1 1 1 
mem 











1 


1 


1 


1 


w 


9 


4-6 






mem 16, imm4 



mod 










1 




1 1 1 
mem 











1 


1 


1 


1 


1 


9/13 


4-6 






CY 


1 1 


1 


1 





1 1 


















2 


1 


X 
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Instruction Set (cont) 



Mnemonic Operand 



7 6 



Opcode 
543210 76543210 Clocks 



Flags 
Bytes AC CY V P S Z 



Shift/Rotate Instructions 



SHL 


reg, 1 


1 


1 











w 


1 1 


1 








reg 


2 




2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 


1 











w 


mod 


1 








mem 


7/11 




2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 


1 








1 


w 


1 1 


1 








reg 


2 + n 




2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 


1 








1 


w 


mod 


1 








mem 


6/10 + 


n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 














w 


1 1 


1 








reg 


2 + n 




3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 1 














w 


mod 


1 








mem 


6/10 + 


n 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 


1 


1 











w 


1 1 


1 





1 


reg 


2 




2 


u 


X 


X 


X 


X 


X 




mem, 1 


1 


1 











w 


mod 


1 





1 


mem 


7/11 




2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


1 


1 








1 


w 


1 1 


1 





1 


reg 


2 + n 




2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 


1 








1 


w 


mod 


1 





1 


mem 


6/10 + 


n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 














w 


1 1 


1 





1 


reg 


2 + n 




3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 














w 


mod 


1 





1 


mem 


■ 6/10 + 


n 


3-5 


u 


X 


u 


X 


X 


X 


SHRA 


reg, 1 


1 


1 











w 


1 1 


1 




1 


reg 


2 




2 


u 


X 





X 


X 


X 




mem, 1 


1 


1 











w 


mod 


1 




1 


mem 


7/11 




2-4 


u 


X 





X 


X 


X 




reg, CL 


1 


1 








1 


w 


1 1 


1 




1 


reg 


2 + n 




2 


u 


X 


u 


X 


X 


X 




mem, CL 


1 


1 








1 


w 


mod 


1 




1 


mem 


6/10 + 


n 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


1 














w 


1 1 


1 




1 


reg 


2 + n 




3 


u 


X 


u 


X 


X 


X 




mem, imm8 


1 














w 


mod 


1 




1 


mem 


6/10 + 


n 


3-5 


u 


X 


u 


X 


X 


X 


ROL 


reg, 1 


1 


1 











w 


1 1 











reg 


2 




2 




X 


X 










mem, 1 


1 


1 











w 


mod 











mem 


7/11 




2-4 




X 


X 










reg, CL 


1 


1 








1 


w 


1 1 











reg 


2 + n 




2 




X 


u 










mem, CL 


1 


1 








1 


w 


mod 











mem 


6/10 + 


n 


2-4 




X 


u 










reg, imm 


1 














w 


1 1 











reg 


2 + n 




3 




X 


u 










mem, imm 


1 














w 


mod 











mem 


6/10 + 


n 


3-5 




X 


u 








ROR 


reg, 1 


1 


1 











w 


1 1 








1 


reg 


2 + n 




2 




X 


u 










mem, 1 


1 


1 











w 


mod 








1 


mem 


7/11 




2-4 




X 


X 










reg, CL 


1 


1 








1 


w 


1 1 








1 


reg 


7 + n 




2 




X 


it 










mem, CL 


1 


1 








1 


w 


mod 








1 


mem 


6/10 + 


n 


2-4 




X 


u 










reg, imm8 


1 














w 


1 1 








1 


reg 


2 + n 




3 




X 


u 










mem, imm8 


1 














w 


mod 








1 


mem 


6/10 + 


n 


3-5 




X 


u 








ROLC 


reg, 1 


1 


1 











w 


1 1 





1 





reg 


2 




2 




X 


X 










mem, 1 


1 


1 











w 


mod 





1 





mem 


7/11 




2-4 




X 


X 










reg, CL 


1 


1 








1 


w 


1 1 





1 





reg 


2 + n 




2 




X 


u 










mem, CL 


1 


1 








1 


w 


mod 





1 





mem 


6/10 + 


n 


2-4 




X 


u 










reg, imm8 


1 














w 


1 1 





1 





reg 


2 + n 




3 




X 


u 










mem, imm8 


1 














w 


mod 





1 





mem 


6/10 + 


n 


3-5 




X 


u 









n = number of shifts 
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NEC 



Instruction Set (cont) 



Mnemonic Operand 



7 6 5 4 3 



Opcode 
21 076543210 Clocks 



Flags 
Bytes AC CY V P S Z 



Shift/Rotate Instructions (cont) 



RORC 



reg, 1 


1 


1 





1 











w 


1 1 





1 


reg 


2 




2 


X 


X 


mem, 1 


1 


1 





1 











w 


mod 





1 


mem 


7/11 




2-4 


X 


X 


reg, CL 


1 


1 





1 








1 


w 


1 1 





1 


reg 


2 + n 




2 


X 


u 


mem, CL 


1 


1 





1 








1 


w 


mod 





1 


mem 


6/10 + 


n 


2-4 


X 


u 


reg, imm8 


1 


1 

















w 


1 1 





1 


reg 


2 + n 




3 


X 


u 


mem, Imm8 


1 


1 

















w 


mod 





1 


mem 


6/10 + 


n 


3-5 


X 


u 



n = number of shifts 



Stack Manipulation Instructions 



PUSH 



mem16 


1 


1 


1 


1 1 


1 


1 


1 


mod 


1 1 


mem 


5/9 


2-4 










reg16 





1 





1 




reg 










3/5 


1 










sr 











sr 


1 


1 











3/5 


1 










PSW 


1 








1 1 


1 














3/5 


1 










R 





1 


1 




















20/36 


1 










imm 





1 


1 


1 





S 











3/5 


2-3 










mem16 


1 








1 


1 


1 


1 


mod 





mem 


5/9 


2-4 










reg16 





1 





1 1 




reg 










5/7 


1 










sr 











sr 


1 


1 


1 








5/7 


1 










PSW 


1 








1 1 


1 





1 








5/7 


1 


R 


R 


R R R 


R 



POP 



R 110 


1 


22/38 1 


PREPARE imm16, imm8 110 10 





* 4 

*imm8 = 0:15 

imm82s 1: 17 + 12 (imm8- 1) odd, 15 + 8 (imm8-1) even 


DISPOSE 110 10 


1 


6/10 1 


Control Transfer Instructions 



CALL 



RET 



BR 



near_proc 1110 10 

regptr16 11111111 110 10 reg 

memptr16 1111111 1 mod 1 mem 

far_proc 10 110 1 

memptr32 1111111 1 mod 1 1 mem 

1 1 1 1 

pop_value 1 10 1 

110 10 11 

pop_value 1 10 10 1 

nearjabel 1110 10 1 

shorUabel 1110 10 11 

regptr16 11111111 1110 reg 

memptr16 1111111 1 mod 1 mem 

farjabel 1110 10 10 

memptr32 11111111 mod 1 1 mem 



7/9 

7/9 

11/15 

9/13 

15/23 

10/12 

10/12 

12/16 

12/16 



11/13 



13/17 



2-4 



2-4 



2-4 



2-4 



102 



SEC 



JIPD70236 (V53) 



Instruction Set (cont) 



Mnemonic Operand 



Opcode 
76543210 7654321 



Clocks 



Flags 
Bytes AC CY V P S Z 



Control Transfer Instructions (cont) 



BV 


shorUabel 





1 




1 














3/6 


2 




BNV 


shorUabel 





1 




1 











1 


3/6 


2 




BC.BL 


shorUabel 





1 




1 








1 





3/6 


2 




BNC, BNL 


shorUabel 





1 




1 








1 


1 


3/6 


2 




BE, BZ 


shorUabel 





1 




1 





1 








3/6 


2 




BNE, BNZ 


shorUabel 





1 




1 





1 





1 


3/6 


2 




BNH 


shorUabel 





1 




1 





1 


1 





3/6 


2 




BH 


shorUabel 





1 




1 





1 


1 


1 


3/6 


2 




BN 


shorUabel 





1 




1 


1 











3/6 


2 




BP 


shorUabel 





1 




1 


1 








1 


3/6 


2 




BPE 


shorUabel 





1 




1 


1 





1 





3/6 


2 




BPO 


shorUabel 





1 




1 


1 





1 


1 


3/6 


2 




Interrupt Instructions 


BLT 


shorUabel 





1 




1 


1 


1 








3/6 


2 




BGE 


shorUabel 





1 




1 


1 


1 





1 


3/6 


2 




BLE 


shorUabel 





1 




1 


1 


1 


1 





3/6 


2 




BGT 


shorUabel 





1 




1 


1 


1 


1 


1 


3/6 


2 




DBNZNE 


shorUabel 




1 



















3/6 


2 




DBNZE 


shorUabel 




1 
















1 


3/6 


2 




DBNZ 


shorUabel 




1 













1 





3/6 


2 




BCWZ 


shorUabel 




1 













1 


1 


3/6 


2 




BRK 


3 




1 








1 


1 








18/24 


1 






imm8 




1 








1 


1 





1 


18/24 


2 




BRKV 


imm8 




1 








1 


1 


1 





20/26 


1 




RETI 






1 








1 


1 


1 


1 


13/19 


1 R R 


R R R R 



CHKIND 


reg16, mem32 





1 


1 











1 





mod 




reg mem 


24-26/ 
30-32 


2-4 


CPU Control Instructions 


HALT 




1 


1 


1 


1 





1 














2 


1 


BUSLOCK 




1 


1 


1 


1 




















2 


1 


FP01 


fp_op 


1 


1 





1 


1 


X 


X 


X 


1 1 


Y 


Y Y Z Z Z 


* 


2 




fp_op, mem 


1 


1 





1 


1 


X 


X 


X 


mod 


Y 


Y Y mem 


* 


2-4 


FP02 


fp-op 





1 


1 








1 


1 


X 


1 1 


Y 


Y Y Z Z Z 


* 


2 




fp_op, mem 





1 


1 








1 


1 


X 


mod 


Y 


Y Y mem 


* 


2-4 


POLL 




1 








1 


1 





1 


1 




n 


= number of times 


2 + 5n 
POLL pin 


1 
is sampled. 


NOP 




1 








1 




















3 


1 


Dl 




1 


1 


1 


1 


1 





1 











2 


1 


El 




1 


1 


1 


1 


1 





1 


1 








2 


1 
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Instruction Set (cont) 


Mnemonic Operand 7 6 5 4 3 2 


1 


Opcode 

76543210 Clocks 


Flags 
Bytes AC CY V P S Z 


CPU Control Instructions (cont) 


DS0:,DS1:,PS:,SS: 1 seg 1 
(segment override prefixes) 


1 


2 


1 


Address Expansion Control Instructions 


BRKXA imm8 11 

imm8 


1 


1 1 1 1 12 


3 


RETXA imm8 1 1 

imm8 


1 


1 1 1 1 1 12 


3 
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16-Bit Microcomputers 



NEC 



Section 4 

16-Bit Microcomputers 



fiPD70320/70322 (V25) 

16-Bit Microcomputers: 
Single-Chip, CMOS 


4a 


HPD70330/70332 (V35) 

16-Bit Microcomputers: 
Advanced, Single-Chip, CMOS 


4b 


pPD70P322 

16-Bit Microcomputer: 

Single-Chip, CMOS, 

With EPROM for V25/V35 Modes 


4C 


j*PD70325 (V25 Plus) 

16-Bit Microcomputer: 

High-Speed DMA, Single-Chip, CMOS 


4d 


MPD70335 (V35 Plus) 

16-Bit Microcomputer: 
Advanced, High-Speed DMA, 
Single-Chip, CMOS 


4e 


/aPD70327 (V25 Software Guard) 

16-Bit Microcomputer: 
Software-Secure, Single-Chip, CMOS 


4f 


pPD70337 (V35 Software Guard) 

16-Bit Microcomputer: 
Software-Secure, Single-Chip, CMOS 


4g 


/iPD79011 

16-Bit Microcomputer: 

Single-Chip, CMOS, With Built-in RTOS 


4h 


M PD79021 

16-Bit Microcomputer: 

Single-Chip, CMOS, With Built-in RTOS 


4i 
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NEC 

NEC Electronics Inc. 



//PD70320/70322 (V25) 

16-Bit Microcomputers: 

Single-Chip, CMOS 



Description 

The /UPD70320 and yuPD70322 (V25™) are high-per- 
formance, 16-bit, single-chip microcomputers with an 
8-bit external data bus. They combine the instruction 
set of the //PD70108 (V20®) with many of the on-chip 
peripherals in NEC's 78000 series. 

The //PD70320/322 processor has software compati- 
bility with the V20 (and subsequently the 8086/8088), 
faster memory accessing, superior interrupt processing 
ability, and enhanced control of internal peripherals. 

A variety of on-chip components, including 16K bytes 
of mask programmable ROM (yuPD70322 only), 256 
bytes of RAM, serial and parallel I/O, comparator port 
lines, timers, and a DMA controller make the//PD70320/ 
322 a sophisticated microsystem. 

Eight banks of registers are mapped into internal RAM 
below an additional 256-byte special function register 
(SFR) area that is used to control on-chip peripherals. 
I nternal RAM and the SFR area are together relocatable 
to anywhere in the 1M-byte address space. This 
maintains compatibility with existing system memory 
maps. 

The/uPD70322 is the mask ROM version, the>uPD70320 
is the ROM-less version, and the ,uPD70P322 is the 
EPROM version. 

Features 



□ DRAM refresh pulse output 

□ Two standby modes 

— HALT 

— STOP 

D Internal clock generator 

— 5-MHz maximum CPU clock frequency (0.4-//S 
instruction cycle time) 

— 8-MHz maximum CPU clock frequency (0.25-jjs 
instruction cycle time) 

D Programmable wait state generation 

□ Separate address/data bus interface 

□ CMOS technology 

Ordering Information 



Part Number 



Clock (MHz) Package Type 



ROM 



/7PD70320L 



84-pin PLCC ROM-less 



GJ 



94-pin plastic QFP 



GJ-8 



yuPD70322L-xxx 



84-pin PLCC Mask ROM 



L-8-xxx 



GJ-xxx 



94-pin plastic QFP 



GJ-8-xxx 8 



/,PD70P322KE-8 



84-pin LCC EPROM 

(UV erasable) 



PLCC = plastic leaded chip carrier 
LCC = ceramic leadless chip carrier (with window) 



□ Complete single-chip microcomputer 

— 16-bit ALU 

— 16K bytes of ROM (//PD70322) 

— 256 bytes of RAM 

D 6-byte instruction prefetch queue 
D 24 parallel I/O lines 

□ Eight analog comparator inputs with programmable 
threshold level 

□ Two independent DMA channels 

□ Two 16-bit timers 

□ Programmable time base counter 

□ Two full-duplex UARTs 

□ Programmable interrupt controller 

— Eight priority levels 

— Five external, 12 internal sources 

— Register bank (eight) context switching 

— Eight macro service function channels 

V20 is a registered trademark and V25 is a trademark of NEC Corporation. 
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//PD70320/322 (V25) 



NEC 



Pin Configurations 

84-Pln PLCC and LCC 



IO lg im 

LU r- i_ i^ 
to in 4 n n r o , . ir w m > 

O O /> O O O O O < £ Q J2 C 

a. a. i2 a. a. a. a. a lui IS \\£ IS <r 


O 

DC 

u. 

UJ 


1- 

UJ a 

111 D cm r- Z H 







oc 


OC > X X O > 






nnnnnnnnnnnnnnnnnnnn 


n 








X i-oo>eoi-.<oin«<<>CMr-fl , eoCNiT-oo>eoi^<o 
'*-▼- * eocooooocoi^r^Kr* 


in 






N. 






PO7/CLKOUT C 


12 


74 3 PT7 




DoC 


13 


73 3 PT6 




D1C 


14 


72 


3 PT5 




D2C 


15 


71 3 PT4 




D3C 


16 


70 


3 PT3 




D4C 


17 


69 


3 PT2 




D5C 
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*Pin functions for normal operation of the juPD70P322 






are changed as follows for programming. 
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Pin Identification 



Symbol 


Function 


A0-A19 


Address bus outputs 


CLKOUT 


System clock output 


cTso 


Clear to send channel input 


CTSI 


Clear to send channel 1 input 


D0-D7 


Bidirectional data bus 


EA 


External access 


I0STB 


I/O strobe output 


MREQ 


Memory request output 


MSTB 


Memory strobe output 


PO0-PO7 


I/O port 


P1 /NMI 


Port 1 input line/Nonmaskable 
interrupt input 


PI1-PI2/ 
[NTPO-fNTFf 


Port 1 input lines/External 
interrupt input lines 


P1 3 /fNTP2/iNTAK 


Port 1 input line/External 
interrupt input line/Interrupt 
acknowledge output 


PI4/INT/POLL 


I/O port 1 /Interrupt request input/ 
I/O poll input 


PI5/TOUT 


I/O port 1/Timer out 


P1 6 /SCK0 


I/O port 1 /Serial clock out 


PI7/READY 


I/O port 1 /Ready input 


P2 /DMARQ0 


I/O port 2/DMA request 


P2 1 /DMAAK0 


I/O port 2/DMA acknowledge 


P2 2 /TC0 


I/O port 2/DMA terminal count 


P2 3 /DMARQ1 


I/O port 2/DMA request 1 


P2 4 /DMAAK1 


I/O port 2/DMA acknowledge 1 


P2 5 /TC1 


I/O port 2/DMA terminal count 1 


P2 6 /HLDAK 


I/O port 2/Hold acknowledge output 


P2 7 /HLDRQ 


I/O port 2/Hold request input 


PT0-PT7 


Comparator port input lines 


REFRQ 


Refresh pulse output 


RESET 


Reset input 


RxDO 


Serial receive data, channel input 


RxD1 


Serial receive data, channel 1 input 


R/W 


Read/Write output 


TxDO 


Serial transmit data, channel output 


TxD1 


Serial transmit data, channel 1 output 


X1.X2 


Crystal connection terminals 


V D D 


Positive power supply voltage 


Vth 


Threshold voltage input 


GND 


Ground 


IC 


Internal connection 



Pin Functions 

A0-A19 [Address Bus] 

Aq-A-19 is the 20-bit address bus used to access all 
external devices. 

CLKOUT [System Clock] 

This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 



CTSn, RxDn, TxDn, SCKO [Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out] 

The two serial ports (channels and 1 ) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 

D0-D7 [Data Bus] 

D -D 7 is the 8-bit external data bus. 



DMARQn, DMAAKn, TCn [DMA Request, DMA 
Acknowledge, Terminal Count] 

These are the control signals to and from the on-chip 
DMA controller. 

EA [External Access] 

If this pin is low on reset, the //PD70322 will execute 
program code from external memory instead of from 
internal ROM. 



HLDAK [Hold Acknowledge] 



The HLDAK output (active low) informs external 
devices that the CPU has released the system bus. 

HLDRQ [Hold Request] 

The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance state with in ternal 4.7-kQ pullup 
resi stors: A Q -A 19 , D -D 7 , MREQ, R/W, MSTB, REFRQ, 
and IOSTB. 
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INT [Interrupt Request] 

INT is a maskable, active-high, vectored interrupt 
request input. After assertion, external hardware must 
provide the interrupt vector number. 



INTAK [Interrupt Acknowledge] 



After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 



INTP0-INTP2 [External Interrupt] 



INTP0-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. 



IOSTB [I/O Strobe] 



IOSTB is asserted during read and write operations to 
external I/O. 

MREQ [Memory Request] 

MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 



MSTB [Memory Strobe] 



MSTB (active low) is asserted during read and write 
operations to external memory. 

NMI [Nonmaskable Interrupt] 

NMI cannot be masked through software and is typi- 
cally used for emergency processing. Upon execution, 
the interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 

PO0-PO7 [Port 0] 

P0 -P0 7 are the lines of port 0, an 8-bit bidirectional 
parallel I/O port. 

P1 -P1 7 [Port1] 

The status of PI0-PI3 can be read but these lines are 
always control functions. PI4-PI7 are the remaining 
lines of parallel port 1 , each line individually program- 
mable as either an input, an output, or a control 
function. 

P2 -P2 7 [Port 2] 

P2 -P2 7 are the lines of port 2, an 8-bit bidirectional I/O 
port. The lines can also be used as control signals for 
the on-chip DMA controller. 



POLL [Poll] 

Upon execution of the POLL intruction, the CPU 
checks the status of this pin and, if low, program 
execution continues. If high, the CPU will check the 
level o f the line every five clock cycles until it is low. 
POLL can be used to synchronize program execution 
to external conditions. 

PT0-PT7 [Comparator Port] 

PT0-PT7 are inputs to the analog comparator port. 

READY [Ready] 

After READY is de-asserted low, the CPU will synchro- 
nize and insert at least two wait states into a read or 
write cycle to memory or I/O. This allows the processor 
to accommodate devices whose access times are 
longer than normal execution allows. 



REFRQ [Refresh] 

This active-low output pulse can refresh nonstatic 
RAM. It can be programmed to meet system specifica- 
tions and is internally synchronized so that refresh 
cycles do not interfere with normal CPU operation. 



RESET [Reset] 

A low on R ESET r esets the CPU and all on-chip 
peripherals. RESET can also release the standby 
modes. After RESET returns high, program execution 
begins from address FFFFOH. 

R/W [Read/Write] 

An R/W output allows external hardware to determine 
if the current operation is a read or write cycle. It can 
also control the direction of bidirectional buffers. 

TOUT [Timer Out] 

TOUT is the square-wave output signal from the 
internal timer. 

X1, X2 [Crystal Connections] 

The internal clock generator requires an external 
crystal across these terminals as shown in figure 36. 
By programming the PRC register, the system clock 
frequency can be selected as the oscillator frequency 
( f osc) divided by 2, 4, or 8. 

Vqd [Power Supply] 

Two positive power supply pins (Vqd) reduce internal 
noise. 
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Vjh [Threshold Voltage] 

The comparator port uses this pin to determine the 
analog reference point. The actual threshold to each 
comparator line is programmable to Vjh * n/16, where 
n = 1 to 16. 



Block Diagram 



GND 

Two ground connections reduce internal noise. 

IC [Internal Connection] 

All ICpinsshould be togetherand pulled uptoVoD with 
a 10K-20K resistor. 



P20/DMARQ0 - 

P21/DMAAK0-1 
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P23/DMARQ1 •> 
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mable 
DMA 
Controller 


O 








TxDO-" 

RxDO ► 

P16/SCKO ► 

CTSO ► 
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Generator 
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REFRQ CLKOUT/PO7 
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Functional Description 

Architectural Enhancements 

The following features enable the /iPD70320/322 to 
perform high-speed execution of instructions: 

• Dual data bus 

• 16-/32-bit temporary registers/shifters (TA, TB, 
TA + TB) 

• 16-bit loop counter (LC) 

• Program counter (PC) and prefetch pointer (PFP) 

• Internal ROM pass bus (juPD70322 only) 

Dual Data Bus. The //PD70320/322 has two internal 
16-bit data buses: the main data bus and a subdata bus. 
This reduces the processing time required for addition/ 
subtraction and logical comparison instructions by 
one-third over single-bus systems. The dual data bus 
method allows two operands to be fetched simulta- 
neously from the general-purpose registers and 
transferred to the ALU. 

16-/32-Bit Temporary Registers/Shifters. The 16-bit 
temporary registers/shifters (TA, TB) allow high-speed 
execution of multiplication/ division and shift/rotation 
instructions. By using the temporary registers/shifters, 
the/uPD70320/322 can execute multiplication/division 
instructions about four times faster than with the 
microprogramming method. 

Figure 1. Register Banks in Internal RAM 



Loop Counter [LC]. The dedicated hardware loop counter 
counts the number of loops for string operations and 
the number of shifts performed for multiple bit shift/ 
rotation instructions. The loop counter works with 
internal dedicated shifters to speed the processing of 
multiplication/division instructions. 

Program Counter and Prefetch Pointer [PC and PFP]. 

The hardware PC addresses the memory location of 
the instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
next. Several clocks are saved for branch, call, return, 
and break instructions compared with processors 
having only one instruction pointer. 

Internal ROM Pass Bus. The //PD70322 features a 
dedicated data bus between the internal ROM and the 
instruction pre-fetch queue. This allows internal ROM 
opcode fetches to be performed in a single clock cycle 
(200 ns at 5 MHz); it also makes it possible for opcode 
fetches to be performed while the external data bus is 
busy. This feature gives the V25 a 10-20% performance 
increase when executing from the internal ROM. 

Register Set 

Figure 1 shows the //PD70320/322 has eight banks of 
registers functionally mapped into internal RAM. Each 
bank contains general-purpose registers, pointer and 
index registers, segment registers, and save areas. 
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General-Purpose Registers [AW, BW, CW, DW}. There 
are four 16-bit general-purpose registers that can each 
serve as individual 16-bit registers or two independent 
8-bit registers (AH, AL, BH, BL, CH, CL, DH, DL). The 
following instructions use the general-purpose registers 
for default: 

AW Word multiplication/division, word I/O, data 
conversion 

AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Loop control branch, repeat prefix 

CL Shift instructions, rotation instructions, BCD 
operations 

DW Word multiplication/division, indirect address- 
ing I/O 

Pointers [SP, BP] and Index Registers [IX, IY]. These 
registers are used as 16-bit base pointers or index 
registers in based addressing, indexed addressing, 
and based indexed addressing. The registers are used 
as default registers under the following conditions: 

SP Stack operations 

IX Block transfer (source), BCD string opera- 
tions 

IY Block transfer (destination), BCD string 
operations 

Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each 
segment register functions as a base address to a 
block; the effective address is an offset from that base. 
Physical addresses are generated by shifting the asso- 
ciated segment register left four binary digits and then 
adding the effective address. The segment registers 
are: 



Program Counter [PC]. The PC is a 16-bit binary 
counter that contains the offset address from the 
program segment of the next instruction to be executed. 
It is incremented every time an instruction is received 
from the queue. It is loaded with a new location 
whenever a branch, call, return, break, or interrupt is 
executed. 

Program Status Word [PSW]. The PSW contains the 
following status and control flags. 



15 



PSW 
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RB2 


RB1 


RBO 


V 


DIR 


IE 


BRK 


7 

















s 


Z 


F1 


AC 


FO 


P 


BRKI 


CY 



Status Flags 

V Overflow bit 

S Sign 

Z Zero 

AC Auxiliary carry 

P Parity 

CY Carry 



Control Flags 

DIR Direction of string 
processing 

IE Interrupt enable 

BRK Break (after every 
instruction) 

RBn Current register 
bank flags 

BRKI I/O trap enable (see 
software interrupts) 

FO, F1 General-purpose 

user flags (accessed 
through the Flag 
special function 
register) 

The eight low-order bits of the PSW can be stored in 
the AH register and restored by a MOV instruction 
execution. The only way to alter the RBn bits via 
software is to execute an RETRBI or RETI instruction. 



Segment Register 

PS (Program segment) 
SS (Stack segment) 
DSO (Data segment-0) 
DS1 (Datasegment-1) 



Default Offset 

PC 

SP, Effective address 
IX, Effective address 
IY, Effective address 



Save Registers. Save PC and Save PSW are used as 
save areas during register bank context switching. The 
Vector PC save location contains the effective address 
of the interrupt service routine when register bank 
switching is used to service interrupts. 
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Memory Map 

The //PD70320/322 has a 20-bit address bus that can 
directlyaccessIM bytes of memory. Figure 2 shows that 
the 16K bytes of internal ROM (//PD70322 only) 
are located at the top of the address space from FC000H 
to FFFFFH. 

Figure 2 shows the internal data area (IDA) is a 256- 
byte internal RAM area followed consecutively by a 
256-byte special function register (SFR) area. All the 
data and control registers for on-chip peripherals and 
I/O are mapped into the SFR area and accessed as 
RAM. For a description of these functions, see table 6. 
The IDA is dynamically relocatable in 4K-byte incre- 
ments by changing the value in the internal data base 
(IDB) register. Whatever value is in this register will be 
assigned as the uppermost eight bits of the IDA 
address. The IDB register can be accessed from two 
different memory locations, FFFFFH and XXFFFH, 
where XX is the value in the IDB register. 

On reset, the internal data base register is set to FFH 
which maps the IDA into the internal ROM space. 
However, since the //PD70322 has a separate bus to 
internal ROM, this does not present a problem. When 
these address spaces overlap, program code cannot be 
executed from the IDA and internal ROM locations 
cannot be accessed as data. You can select any of the 
eight possible register banks, which occupy the entire 
internal RAM space. Multiple register bank selection 
allows faster interrupt processing and facilitates multi- 
tasking. 

Figure 2. Memory Map 
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In larger-scale systems where internal RAM is not 
required for data memory, the internal RAM can be 
removed completely from the address space and 
dedicated entirely to registers and control functions 
such as macro service and DMA channels. Clearing the 
RAMEN bit in the processor control register achieves 
this. When the RAMEN bit is cleared, internal RAM can 
only be accessed by register addressing or internal 
control processes. Many instructions are executed 
faster when the internal RAM is disabled. 

Instruction Set 

The /UPD70320/322 instruction set is fully compatible 
with the V20 native mode instruction set. The V20 
instruction set is a superset of the ^PD8086/8088 
instruction set with different execution times and 
mnemonics. 

The //PD70320/322 does not support the V20 8080 
emulation mode. All of the instructions pertaining to 
this have been deleted from the /yPD70320/322 in- 
struction set. 

Enhanced Instructions 

In addition to the //PD8086/88 instructions, the 
//PD70320/322 has the following enhanced instructions. 

Instruction Function 



PUSH imrri 
PUSH R 

POPR 
MUL imm 

SHL imm8 
SHR imm8 
SHRA imm8 
ROL imm8 
ROR imm8 
ROLC imm8 
RORC imm8 

CHKIND 

INM 

OUTM 

PREPARE 

DISPOSE 



Pushes immediate data onto stack 

Pushes eight general registers onto 
stack 

Pops eight general registers from stack 

Executes 16-bit multiply of register or 
memory contents by immediate data 

Shifts/ rotates register or memory by 
immediate value 



Checks array index against designated 
boundaries 

Moves a string from an I/O port to 
memory 

Moves a string from memory to an I/O 
port 

Allocates an area for a stack frame and 
copies previous f/ame pointers 

Frees the current stack frame on a 
procedure exit 
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Unique Instructions 

The //PD70320/322 has the following unique 
instructions. 



Instruction 


Function 


INS 


Inserts bit field 


EXT 


Extracts bit field 


ADD4S 


Performs packed BCD string addition 


SUB4S 


Performs packed BCD string subtraction 


CMP4S 


Performs packed BCD string 




comparison 


ROL4 


Rotates BCD digit left 


ROR4 


Rotates BCD digit right 


TEST1 


Tests bit 


SET1 


Sets bit 


CLR1 


Clears bit 


NOT1 


Complements bit 


BTCLR 


Tests bit; if true, clear and branch 


REPC 


Repeat while carry set 


REPNC 


Repeat while carry cleared 



Variable Length Bit Field Operation Instructions 

Bit fields are a variable length data structure that can 
range in length from 1 to 16 bits. The //PD703207322 
supports two separate operations on bitfields: insertion 
(INS) and extraction (EXT). There are no restrictions 
on the position of the bit field in memory. Separate 
segment, byte offset, and bit offset registers are used 
for insertion and extraction. Following the execution of 
these instructions, both the byte offset and bit offset 
are left pointing to the start of the next bit field, ready 
for the next operation. Bit field operation instructions 
are powerful and flexible and are therefore highly 

Figure 3. Bit Field Insertion 



effective for graphics, high-level languages, and packing/ 
unpacking applications. 

Bit field insertion copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1:IY:reg8 (8-bit general-purpose register). The bit 
field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
the IY and reg8 are updated to point to the start of the 
next bitfield. 

Bit field extraction copies the bit field of specified 
length from the bit field addressed by DS0:IX:reg8 to 
the AW register. If the length of the bit field is less than 
16 bits, the bit field is right justified with a zero fill. The 
bit field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
IX and reg8 are updated to point to the start of the next 
bitfield. 

Figures 3 and 4 show bit field insertion and bit field 
extraction. 

Packed BCD Instructions 

Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, CMP4S) or byte 
format operands (ROR4, ROL4). Packed BCD strings 
may be 1 to 254 digits in length. The two BCD rotation 
instructions perform rotation of a single BCD digit in 
the lower half of the AL register through the register or 
the memory operand. 

Bit Manipulation Instructions 

The //PD70320/322 has five unique bit manipulation 
instructions. The ability to test, set, clear, or comple- 
ment a single bit in a register or memory operand 
increases code readability as well as performance over 
the logical operations traditionally used to manipulate 
bit data. This feature further enhances control over 
on-chip peripherals. 
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Figure 4. Bit Field Extraction 
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Additional Instructions 

Besides the V20 instruction set, the //PD70320/322 
has the four additional instructions described in 
table 1. 

Table 1. Additional Instructions 



Instruction 



Function 



BTCLRvar,imm8, 
short label 



Bit test and if true, clear and branch; 
otherwise, no operation 



STOP (no operand) Power down instruction, stops oscillator 

RETRBI (no operand) Return from register bank context switch 
interrupt 

FINT (no operand) Finished interrupt. After completion of a 

hardware interrupt request, this instruction 
must be used to reset the current priority 
bit in the in-service priority register (ISPR).* 

*Do not use with NMI or INTR interrupt service routines. 

Repeat Prefixes 

Two new repeat prefixes (REPC, REPNC) allow con- 
ditional block transfer instructions to use the state of 
the CY flag as the termination condition. This allows 
inequalities to be used when working on ordered data, 
thus increasing performance when searching and 
sorting algorithms. 

Bank Switch Instructions 

The V25 has four new instructions that allow the 
effective use of the reg ister ban ks for software i nterru pts 
and multitasking. These instructions are shown in 
table 2. Also, see figures 8 and 10. 

Interrupt Structure 

The //PD70320/322 can service interrupts generated 
both by hardware and by software. Software interrupts 
are serviced through vectored interrupt processing. 
See table 3 for the various types of software interrupts. 



Table 2. Bank Switch Instructions 



Instruction 



Function 



BRKCS reg 16 Performs a high-speed software interrupt with 

context switch to the register bank indicated by the 
lower 3-bits of reg 16. This operation is identical to 
the interrupt operation shown in figure 9. 

TSKSW reg 16 Performs a high-speed task switch to the register 
bank indicated by the lower 3-bits of reg 16. The PC 
and PSW are saved in the old banks. PC and PSW 
save registers and the new PC and PSW values are 
retrieved from the new register bank's save areas. 
See figure 10. 



M0VSPA 


Transfers both the SS and SP of the old register 
bank to the new register bank after the bank has 
been switched by an interrupt or BRKCS instruction. 


M0VSPB 


Transfers the SS and the SP of the current register 
bank before the switch to the SS and SP of the new 
register bank indicated by the lower 3-bits of reg 16. 


Table 3. 


Software Interrupts 


Interrupt 


Description 


Divide error 


The CPU will trap if a divide error occurs as the 
result of a DIV or DIVU instruction. 


Single step 


The interrupt is generated after every instruction if 
the BRK bit in the PSW is set. 


Overflow 


By using the BRKV instruction, an interrupt can be 
generated as the result of an overflow. 


Interrupt 
instructions 


The BRK 3 and BRK imm8 instructions can gene- 
rate interrupts. 


Array bounds 


The CHKIND instruction will generate an interrupt if 
specified array bounds have been exceeded. 


Escape trap 


The CPU will trap on an FPO-1,2 instruction to allow 
software to emulate the floating point processor. 



I/O trap If the I/O trap bit in the PSW is cleared, a trap 

will be generated on every IN or OUT instruction. 
Software can then provide an updated peripheral 
address. This feature allows software inter- 
changeability between different systems. 
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When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, 
since //PD70320/322 internal peripherals are memory 
mapped, software conversion could be difficult. The 
I/O trap feature allows easy conversion from external 
peripherals to on-chip peripherals. 

Interrupt Vectors 

The starting address of the interrupt processing 
routines may be obtained from table 3. The table 
begins at physical address 00H, which is outside the 
internal ROM space. Therefore, external memory is 
required to service these routines. By servicing inter- 
rupts via the macro service function or context 
switching, this requirement can be eliminated. 

Each interrupt vector is four bytes Wide. To service a 
vectored interrupt, the lower addressed word is trans- 
ferred to the PC and the upper word to the PS. 
See figure 5. 



Figure 5. 


Interrupt Vector 










Vector 




83-0001 12A 




OOOH [ 


001 H 


002H J 


003H 




PS^(003H,002H) 
PC<-(001H,000H) 





Execution of a vectored interrupt occurs as follows: 
(SP-1, SP-2) — PSW 
(SP-3, SP-4) — PS 
(SP-5, SP-6) — PC 
SP — SP-6 
IE^0, BRK^O 
PS — vector high bytes 
PC — vector low bytes 

Hardware Interrupt Configuration 

The V25 features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 
12 internal). The interrupt configuration includes 
system interrupts that are functionally compatible with 
those of the V20/V30 and unique high-performance 
microcontroller interrupts. 



Table 4. 


Interrupt Vectors 


Address 


Vector No. 


Assigned Use 


00 





Divide error 


04 


1 


Break flag 


08 


2 


NMI 


OC 


3 


BRK3 instruction 


10 


4 


BRKV instruction 


14 


5 


CHKIND instruction 


18 


6 


General purpose 


1C 


7 


FP0 instructions 


20-2C 


8-11 


General purpose 


30 


12 


INTSER0 (Interrupt serial error, channel 0) 


34 


13 


INTSRO (Interrupt serial receive, channel 0) 


38 


14 


INTSTO (Interrupt serial transmit, channel 0) 


3C 


15 


General purpose 


40 


16 


INTSER1 (Interrupt serial error, channel 1) 


44 


17 


INTSR1 (Interrupt serial receive, channel 1) 


48 


18 


INTST1 (Interrupt serial transmit, channel 1) 


4C 


19 


I/O trap 


50 


20 


INTDO (Interrupt from DMA, channel 0) 


54 


21 


INTD1 (Interrupt from DMA, channel 1) 


58 


22 


General purpose 


5C 


23 


General purpose 


60 


24 


INTPO (Interrupt from peripheral 0) 


64 


25 


INTP1 (Interrupt from peripheral 1) 


68 


26 


INTP2 (Interrupt from peripheral 2) 


6C 


27 


General purpose 


70 


28 


INTTUO (Interrupt from timer unit 0) 


74 


29 


INTTU1 (Interrupt from timer unit 1) 


78 


30 


INTTU2 (Interrupt from timer unit 2) 


7C 


31 


INTTB (Interrupt from time base counter) 


080-3FF 


32-255 


General purpose 
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Interrupt Sources 

The 17 interrupt sources (table 5) are divided into 
groups for management by the interrupt controller. 
Using software, each of the groups can be assigned a 
priority from (highest) to 7 (lowest). The priority of 
individual interrupts within a group is fixed in hardware. 
If interrupts from different groups occursimultaneously 
and the groups have the same assigned priority level, 
the priority followed will be as shown in the Default 
Priority column of table 5. 

The ISPR is an 8-bit special function register; bits 
PR0-PR7 correspond to the eight possible interrupt 
request priorities. The ISPR keeps track of the priority 
of the interrupt currently being serviced by setting the 
appropriate bit. The address of the ISPR is XXFFCH. 
The ISPR format is shown below. 



NMI, INTPO, and INTP1 are edge-sensitive interrupt 
inputs. By selecting the appropriate bits in the interrupt 
mode register, these inputs can be programmed to be 
either rising or falling edge triggered. ES0-ES2 corre- 
spond to INTP0-INTP2, respectively. See figure 6. 

Table 5. Interrupt Sources 



PR 7 PR 6 PR 5 PR 4 


PR3 


PR 2 PRt 


PR 



NMI and INTR are system-type external vectored 
interrupts. NMI is not maskable via software. INTR is 
maskable (IE bit in PSW) and requires that an external 
device provide the interrupt vector number. It allows 
expansion by the addition of an external interrupt 
controller (//PD71059). 

Figure 6. Interrupt Mode Register (INTM) 
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Interrupt Processing Modes 

Interrupts, with the exception of NMI, INT, and INTTB, 
have high-performance capability and can be pro- 
cessed in any of three modes: standard vector inter- 
rupt, register bank context switching, or macro service 
function. The processing mode for a given interrupt 
can be chosen by enabling the appropriate bits in the 
corresponding interrupt request control register. As 
shown in table 6, each individual interrupt, with the 
exception of INTR and NMI, has its own associated IRC 
register. The format for all IRC registers is shown in 
figure 7. 

All interrupt processing routines other than those for 
NMI and INT must end with the execution of an FINT 
instruction. Otherwise, subsequently, only interrupts 
of a higher priority will be accepted. 

In the vectored interrupt mode, the CPU traps to the 
vector location shown in table 4. 



Register Bank Switching 

Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected is that which 
has the same register bank number (0-7) as the priority 
of the interrupt to be serviced. The PC and PSW are 
automatically stored in the save areas of the new 
register bank and the address of the interrupt routine is 
loaded from the vector PC storage location in the new 
register bank. As in the vectored mode, the IE and BRK 
bits in the PSW are cleared to zero. After interrupt 
processing, execution of the RETRBI (return from 
register bank interrupt) returns control to the former 
register bank and restores the former PC and PSW. 
Figures 8 and 9 show register bank Context switching 
and register bank return. 



Figure 7. Interrupt Request Control Registers (IRC) 
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Figure 8. 


Register Bank Context Switching 
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Figure 9. 


Register Bank Return 
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Macro Service Function 

The macro service function (MSF) is a special micro- 
program that acts as an internal DMA controller be- 
tween on-chip peripherals (special function registers, 
SFR) and memory. The MSF greatly reduces the 
software overhead and CPU time that other processors 
would require for register save processing, register 
returns, and other handling associated with interrupt 
processing. 

If the MSF is selected for a particular interrupt, each 
time the request is received, a byte or word of data will 
be transferred between the SFR and memory without 
interrupting the CPU. Each time a request occurs, the 
macro service counter is decremented. When the 
counter reaches zero, an interrupt to the CPU is 
generated. The MSF also has a character search 
option. When selected, every byte transferred will be 
compared to an 8-bit search character and an interrupt 
will be generated if a match occurs or if the macro 
service counter counts out. 

Like the NMI, INT and INTTB, the two DMA controller 
interrupts (INTDO, INTD1 ) do not have MSF capability. 

There are eight 8-byte macro service channels mapped 
into internal RAM from XXE00H to XXE3FH. Each 
macro service channel contains all of the necessary 
information to execute the macro service process. 
Figure 1 1 shows the components of each channel. 



Figure 10. 
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Figure 11. Macro Service Channels 
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On-Chip Peripherals 

Timer Unit 

The //PD70320/322 (figure 13) has two programmable 
16-bit interval timers (TMO, TM1) on-chip, each with 
variable input clock frequencies. Each of the two 1 6-bit 
timer registers has an associated 16-bit modulus 
register (MDO, MD1). Timer operates in the interval 
timer mode or one-shot mode; timer 1 has only the 
interval timer mode. 

Interval Timer Mode. In this mode, TM0/TM1 are 
decremented by the selected input clock and, after 
counting out, the registers are automatically reloaded 
from the modulus registers and counting continues. 
Each time TM1 counts out, interrupts are generated 
through TF1 and TF2 (Timer Flags 1, 2). When TMO 
counts out, an interrupt is generated through TFO. 
The timer-out signal can be used as a square-wave 
output whose half-cycle is equal to the count time. 
There are two selectable input clocks (SCLK: system 
clock = fosc/2; fosc = 10 MHz). 



Setting the macro service mode for a given interrupt 
requires programming the corresponding macro ser- 
vice control register. Each individual interrupt, exclud- 
ing INTR, NMI and TBC, has its own associated MSC 
register. See table 6. Format for all MSC registers is 
shown in figure 12. 

Figure 12. Macro Service Control Registers (MSC) 
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Figure 13. Timer Unit Block Diagram 
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One-Shot Mode. In the one-shot mode, TMO and MDO 
operate as independent one-shot timers. Starting with 
a preset value, each is decremented to zero. At zero, 
counting ceases and an interrupt is generated by TFO 
(from TMO) or TF1 (from MDO). One-shot mode allows 
two selectable input clocks (fosc = 1u MHz). 



Clock 



Timer Resolution Full Count 



SCLK/12 
SCLK/128 



2.4 /us 
25.6 //s 



157.283 ms 
1 .678 s 



Setting the desired timer mode requires programming 
the timer control register. See figures 14 and 15 for 
format. 



Figure 14. 
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Figure 15. Timer Control Register 1 
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Time Base Counter/Processor Control Register 

The 20-bit free-running time base counter controls 
internal timing sequences and is available to the user 
as the source of periodic interrupts at lengthy intervals. 
One of four interrupt periods can be selected by pro- 
gramming the TBO and TB1 bits in the processor 
control register (PRC). The TBC interrupt is unlike the 
others in that it is fixed as a level 7 vectored interrupt. 
Macro service and register bank switching cannot be 
used to service this interrupt. See figures 16 and 17. 

The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 



The TBC (figure 1 8) uses the system clock as the input 
frequency. The system clock can be changed by 
programming the PCKO and PCK1 bits in the processor 
control register (PRC). Reset initializes the system 
clock to fosc/8 (fosc = external oscillator frequency). 

Figure 18. Time Base Counter (TBC) Block Diagram 
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Figure 16. Time Base Interrupt Request Control Register 
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Figure 17. Processor Control Register (PRC) 
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Refresh Controller 

The /iPD70320/322 has an on-chip refresh controller 
for dynamic and pseudostatic RAM mass storage 
memories. The refresh controller generates refresh 
addresses and refresh pulses. It inserts refresh cycles 
between the normal CPU bus cycles according to 
refresh specifications. 

The refresh controller outputs a 9-bit refresh address 
on address bits Ao-As during the refresh bus cycle. 
Address bits A9-A-19 are all 1's. The 9-bit refresh 
address is automatically incremented at every refresh 
timing for 512 row addresses. The 8-bit refresh mode 
(RFM) register (figure 19) specifies the refresh opera- 
tion and allows refresh during both CPU HALT and 
H OLD mo des. Refresh cycles are automatically timed 
to REFRQ following read/write cycles to minimize the 
effect on system thoughput. 



The following shows the REFRQ pin level in relation to 
bits 4 (RFEN) and 7 (RFLV) of the refresh mode 
register. 



RFEN 


RFLV 


REFRQ Level 




1 
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1 

Refresh pulse i 


Serial Interface 





TheyuPD70320/322 has two full-duplex UARTs, channel 
and channel 1. Each serial port channel has a 
transmit line (TxDn), a receive line (RxDn), and a clear 
to send (CTSn) input line for handshaking. Communi- 
cation is synchronized by a start bit, and you can 
program the ports for even, odd, or no parity, character 
lengths of 7 or 8 bits, and 1 or 2 stop bits. 

The/>(PD70320/322 has dedicated baud rate generators 
for each serial channel. This eliminates the need to 
obligate the on-chip timers. The baud rate generator 
allows a wide range of data transfer rates (up to 1.25 
Mb/s). This includes all of the standard baud rates 
without being restricted by the value of the particular 
external crystal. 



Each baud rate generator has an 8-bit baud rate 
generator (BRGn) data register, which functions as a 
prescaler to a programmable input clock selected by 
the serial communication control (SCCn) register. 
Together these must be set to generate a frequency 
equivalent to the desired baud rate. 

The baud rate generator can be set to obtain the 
desired transmission rate according to the following 
formula: 



BxG = 



SCLK x 10 6 

2n + 1 



where B = baud rate 

G = baud rate generator register (BRGn) 
value 

n = input clock specifications (n between 
and 8) This is the value that is loaded 
into the SCCn register (see figure 23). 

SCLK = system clock frequency (MHz) 

Based on the above expression, the following table 
shows the baud rate generator values used to obtain 
standard transmission rates when SCLK = 5 MHz. 
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Figure 19. Refresh Mode Register (RFM) 
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In addition to the asynchronous mode, channel has a 
synchronous I/O interface mode. In this mode, each bit 
of data tranferred is synchronized to a serial clock 
(SCKO). This is the same as the NEC /XX)M75 and 
yuCOM87 series, and allows easy interfacing to these 
devices. Figure 20 is the serial interface block diagram; 
figures21 , 22, and 23 show the three serial communica- 
tion registers. 



Figure 20. 
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Figure 21 


. Serial Communication Mode Register (SCM) 
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Figure 22. Serial Communication Error Registers (SCE) 
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Figure 23. Serial Communication Control Register (SCC) 
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DMA Controller 

The ;wPD70320/322 has a two-channel, on-chip DMA 
controller. This allows rapid data transfer between 
memory and auxiliary storage devices. The DMA con- 
troller supports four modes of operation, two for 
memory-to-memory transfers and two for transfers 
between I/O and memory. See figures 24, 25, and 26 for 
a graphic representation of the DMA registers. 

Memory-to-Memory Transfers. In the single-step mode, 
when one DMA request is made, execution of one 
instruction and one DMA transfer are repeated alter- 
nately until the prescribed number of DMA transfers 
has occurred. Interrupts can be accepted while in this 
mode. In burst mode, one DMA request causes DMA 
transfer cycles to continue until the DMA terminal 
counter decrements to zero. Software can also initiate 
memory-to-memory transfers. 

Figure 24. DMA Channels 
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Transfers Between I/O and Memory. In single-transfer 
mode, one DMA transfer occurs after each rising edge 
of DMARQ. After the transfer, the bus is returned to the 
CPU. In demand release mode, the rising edge of 
DMARQ enables DMA cycles, which continue as long 
as DMARQ is high. 

In all modes, the TC (terminal count) output pin will 
pulse low and a DMA completion interrupt request will be 
generated after the predetermined number of DMA 
cycles has been completed. 

The bottom of internal RAM contains all the necessary 
address information forthe designated DMA channels. 
The DMA channel mnemonics are as follows: 

TC Terminal counter 

SAR Source address register 

SARH Source address register high 

DAR Destination address register 

DARH Destination address register high 

The DMA controller generates physical source 
addresses by offsetting SARH 12 bits to the left and 
then adding the SAR. The same procedure is also used 
to generate physical destination addresses. You can 
program the controller to increment or decrement 
source and/or destination addresses independently 
during DMA transfers. 

When the EDMA bit is set, the internal DMARQ flag is 
cleared. Therefore, DMARQs are only recognized after 
the EDMA bit has been set. 

See Execution Clock Counts for Operation and Bus 
Controller Latency tables for DMA latency and transfer 
rate information. 
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Figure 25. 


DMA Mode Registers (DMAM) 
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Figure 26. DMA Address Control Registers (DM AC) 
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Parallel Ports 

The //PD70320/322 has three 8-bit parallel I/O ports: 
PO, P1 , and P2. Refer to figures 27 through 31 . Special 
function register (SFR) locations can access these 
ports. The port lines are individually programmable as 
inputs or outputs. Many of the port lines have dual 
functions as port or control lines. 

Figure 27. Port Mode Registers and 2 (PMO, PM2) 
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Figure 29. Port Mode Control Register (PMCO) 
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Figure 30. Port Mode Control Register 1 (PMC1) 
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Figure 31. 


Port Mode Control Register 2 (PMC2) 
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The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage is 
programmable to be the V T h input x n/16, where n = 1 
to 16. See figure 32. 

Programmable Wait State Generation 

You can generate wait states internally to further 
reduce the necessity for external hardware. Insertion 
of these wait states allows direct interface to devices 
whose access times cannot meet the CPU read/write 
timing requirements. 

When using this function, the entire 1M-byte memory 
address space is divided into 128K-blocks. Each block 
can be programmed for zero, one, or two wait states, or 
two plus those added by the extenal READY signal. 
The top two blocks are programmed together as one 
unit. 

The appropriate bits in the wait control word (WTC) 
control wait state generation. Programming the upper 
two bits in the wait control word will set the wait state 
conditions for the entire I/O address space. Figure 33 
shows the memory map for programmable wait state 
generation; see figure 34 for a graphic representation 
of the wait control word. 



Figure 33. Programmable Wait State Generation 
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Figure 32. Port Mode Register T (PMT) 
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Standby Modes 

The two low-power standby modes are HALT and 
STOP. Software causes the processor to enter either 
mode. 

HALT Mode. 

In the HALT mode, the processor is inactive and the 
chip consumes much less power than when opera- 
tional. The external oscillator remains functional and 
all peripherals are active. Internal status and output 
port line conditions are maintained. Any unmasked 
interrupt can release this mode. In the El state, inter- 
rupts subsequently will be processed in vector mode. 
In the Dl state, program execution is restarted with the 
instruction following the HALT instruction. 



STOP Mode. 

The STOP mode allows the largest power reduction 
while maintaining RAM. The oscillator is stopped, 
halting all internal peripherals. Internal status is main- 
tained. Only a reset or NMI can release this mode. 

A standby flag in the SFR area is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and standby. The STBC register (figure 35) 
is not initialized by RESET. Use the standby flag to 
determine whether program execution is returning 
from standby or from a cold start by setting this flag 
before entering the STOP mode. 



Figure 34. Wait Control Word 
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Figure 35. Standby Register 
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Special Function Registers 

Table 6 shows the special function register mnemonic, 
type, address, reset value, and function. The 8 high- 
order bits of each address (xx) are specified by the I DB 
register. 

SFR area addresses not listed in table 6 are reserved. If 
read, the contents of these addresses are undefined, 
and any write operation will be meaningless. 

Table 6. Special Function Registers 



Name 


Byte/ 
Word 


Address 


Reset 
Value 
(Note 2) 


R/W 
(Note 1) 


Function 


PO 


B 


xxFOOH 




R/W 


PortO 


PMO 


B 


xxFOIH 


FFH 


W 


Port mode 


PMCO 


B 


xxF02H 


00H 


W 


Port mode control 


P1 


B 


xxF08H 




R/W 


Port 1 


PM1 


B 


xxF09H 


FFH 


W 


Port mode 1 


PMC1 


B 


xxFOAH 


00H 


W 


Port mode control 1 


P2 


B 


xxFIOH 




R/W 


Port 2 


PM2 


B 


xxF11H 


FFH 


W 


Port mode 2 


PMC2 


B 


xxF12H 


00H 


W 


Port mode control 2 


PT 


B 


xxF38H 




R 


PortT 


PMT 


B 


xxF3BH 


00H 


R/W 


Port mode T 


INTM 


B 


xxF40H 


00H 


R/W 


Interrupt mode 


EMSO 


B 


xxF44H 




R/W 


External interrupt 
macro service 


EMS1 


B 


xxF45H 




R/W 


External interrupt 
macro service 1 


EMS2 


B 


xxF46H 




R/W 


External interrupt 
macro service 2 


EXICO 


B 


xxF4CH 


47H 


R/W 


External interrupt 
control 


EXIC1 


B 


xxF4DH 


47H 


R/W 


External interrupt 
control 1 


EXIC2 


B 


xxF4EH 


47H 


R/W 


External interrupt 
control 2 



Notes: 

(1 ) Indicates if register is available for read/write operations. 

(2) Reset values not specified are undefined. 



Name 


Byte/ 
Word 


Address 


Reset 
Value 
(Note 2) 


R/W 
(Note 1 ) 


Function 


RXBO 


B 


xxF60H 




R 


Receive buffer 


TXBO 


B 


xxF62H 




W 


Transfer buffer 


SRMSO 


B 


xxF65H 




R/W 


Serial receive 
macro service 


STMS1 


B 


xxF66H 




R/W 


Serial transmit 
macro service 1 


SCMO 


B 


xxF68H 


00H 


R/W 


Serial communication 
modeO 


SCCO 


B 


xxF69H 


00H 


R/W 


Serial communication 
control 


BRGO 


B 


xxF6AH 


00H 


R/W 


Baud rate generator 


SCEO 


B 


xxF6BH 


00H 


R 


Serial communication 
error 


SEICO 


B 


xxF6CH 


47H 


R/W 


Serial error interrupt 
control 


SRICO 


B 


xxF6DH 


47H 


R/W 


Serial receive interrupt 
control 


STICO 


B 


xxF6EH 


47H 


R/W 


Serial transmit interrupt 
control 


RXB1 


B 


xxF70H 




R 


Receive buffer 1 


TXB1 


B 


xxF72H 




W 


Transmit buffer 1 


SRMS1 


B 


xxF75H 




R/W 


Serial receive macro 
service 1 


STMS1 


B 


xxF76H 




R/W 


Serial transmit macro 
service 1 


SCM1 


B 


xxF78H 


00H 


R/W 


Serial communication 
mode 1 


SCC1 


B 


xxF79H 


00H 


R/W 


Serial communication 
control 1 


BRG1 


B 


xxF7AH 


00H 


R/W 


Baud rate generator 
register 1 


SCE1 


B 


xxF7BH 


00H 


R 


Serial communication 
error 1 


SEIC1 


B 


xxF7CH 


47H 


R/W 


Serial error interrupt 
control 1 


SRIC1 


B 


xxF7DH 


47H 


R/W 


Serial receive interrupt 
control 1 


STIC1 


B 


xxF7EH 


47H 


R/W 


Serial transmit interrupt 
control 1 


TMO 


W 


xxF80H 




R/W 


Timer register 


TMOL 


B 


xxF80H 




R/W 


Timer register low 


TMOH 


B 


xxF81H 




R/W 


Timer register high 


MDO 


W 


xxF82H 




R/W 


Modulo register 
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Table 6. Special Function Registers (cont) 


Name 


Byte/ 
Word 


Address 


Reset 
Value 
(Note 2) 


R/W 

(Notel) Function 


MDOL 


B 


xxF82H 




R/W 


Modulo register low 


MDOH 


B 


xxF83H 




R/W 


Modulo register high 


TM1 


W 


xxF88H 




R/W 


Timer register 1 


TM1L 


B 


xxF88H 




R/W 


Timer register 1 low 


TM1H 


B 


xxF89H 




R/W 


Timer register 1 high 


MD1 


W 


xxF8AH 




R/W 


Modulo register 1 


MD1L 


B 


xxF8AH 




R/W 


Modulo register 1 low 


MD1H 


B 


xxF8BH 




R/W 


Modulo register 1 high 


TMCO 


B 


xxF90H 


OOH 


R/W 


Timer control 


TMC1 


B 


xxF91H 


OOH 


R/W 


Timer control 1 


TMMSO 


B 


xxF94H 




R/W 


Timer macro service 


TMMS1 


B 


xxF95H 




R/W 


Timer macro service 1 


TMMS2 


B 


xxF96H 




R/W 


Timer macro service 2 


TMICO 


B 


xxF9CH 


47H 


R/W 


Timer interrupt control 


TMIC1 


B 


xxF9DH 


47H 


R/W 


Timer interrupt control 1 


TMIC2 


B 


xxF9EH 


47H 


R/W 


Timer interrupt control 2 


DMACO 


B 


xxFAOH 




R/W 


DMA control 


DMAMO 


B 


xxFAIH 


OOH 


R/W 


DMA mode 


DMAC1 


B 


xxFA2H 




R/W 


DMA control 1 


DMAM1 


B 


xxFA3H 


OOH 


R/W 


DMA mode 1 


DICO 


B 


xxFACH 


47H 


R/W 


DMA interrupt control 


DICI 


B 


xxFADH 


47H 


R/W 


DMA interrupt control 1 


STBC 


B 


xxFEOH 




R/W 


Standby control 


RFM 


B 


xxFEIH 


OFCH 


R/W 


Refresh mode 


WTC 


W 


xxFE8H 


FFH 


R/W 


Wait control 


WTCL 


B 


xxFE8H 


FFH 


R/W 


Wait control low 


WTCH 


B 


xxFE9H 


FFH 


R/W 


Wait control high 


FLAG 


B 


xxFEAH 


OOH 


R/W 


Flag register 


PRC 


B 


xxFEBH 


4EH 


R/W 


Processor control 


TBIC 


B 


xxFECH 


47H 


R/W 


Time base IRC register 


ISPR 


B 


xxFFCH 




R 


In service priority register 


IDB 


B 


xxFFFH 
FFFFFH 




R/W 


Internal data area base 



Absolute Maximum Ratings 

T A = 25°C 



Supply voltage, Vno 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.5 V (< +7.0 V) 


Output voltage, Vq 


-0.5 to V DD + 0.5 V (< +7.0 V) 


Threshold voltage, Vjh 


-0.5 to V DD + 0.5 V (< +7.0 V) 


Output current, low; Iol 
Each output pin 
Total 


4.0 mA 
50 mA 


Output current, high; Ioh 
Each output pin 
Total 


-2.0 mA 
-20 mA 


Operating temperature range, Topt 


-40 to +85 °C 


Storage temperature range, T$tg 


-65 to +150 °C 



Comment: Exposure to Absolute Maximum Ratings 
periods may affect device reliability; exceeding the 
cause permanent damage. 

DC Characteristics 

Vdd = +5 V ±10%; T A = -10 to +70 °C (Note 1) 



for extended 
ratings could 





Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Supply current, 
operating 


'DD1 




43 
58 


100 
120 


mA 
mA 


f CLK = 5MHz 
f C |_K = 8 MHz 


Supply current, 
HALT mode 


>DD2 




17 
21 


40 
50 


mA 
mA 


f CLK = 5MHz 
f CL K = 8 MHz 


Supply current, 
STOP mode 


■dD3 




10 


30 


//A 




Threshold current 


"th 




0.5 


1.0 


mA 


V T H = 0toV D D 


Input voltage, 
low 


V|L 







0.8 


V 





Input voltage, 
high 



V|H1 



2.2 



Vdd v 



All inp uts except 
RESET, P1 /NMI, 
X1.X2 





V IH2 


0.8 X 

Vdd 


Vdd 


V 


RESET, P1 /NMI, 
X1.X2 


Output voltage, 
low 


Vol 




0.45 


V 


IOL = 1-6mA 


Output voltage, 
high 


Voh 


Vdd 

-1.0 




V 


Iqh = —0.4 mA 


Input current 


■in 




±20 


^^ 


EA, P1 /NMI; 

V, = to V DD 


Input leakage 
current 


"u 




±10 


//A 


All except EA, 
P1q/NMI; 

V, = to Vdd 


Output leakage 
current 


Ilo 




±10 


/iA 


Vo = 0toV DD 


Data retention • 
voltage 


V DDDR 


2.5 


5.5 


V 





Notes: 

(1) The standard operating temperature range 
However, extended temperature range parts i 
available. 



is -10 to +70°C. 
-40 to +85 °C) are 
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Supply Current vs Clock Frequency 



150 
140 
130 
120 





Ta = 25°C 
Vdd = 5V 
Typ. Sample 






















ec. 
nt 
















Sp 
Po 




























Spec. 
Point 





























































































































































































4 5 6 
fCLK [MHz] 



Comparator Characteristics 

V DD = +5 V ±10%; T A = -10 to +70°C 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min Max 


Conditions 


Accuracy 


VArjOMP 


±100 


mV 




Threshold voltage 


VTH 


o v DD 

+ 0.1 


V 




Comparison time 


tCOMP 


64 65 


tfJYK 




PT input voltage 


VlPT 


o v DD 


V 




PTn leakage 
current 


Ilc 


±10 


/iA 




Capacitance Characteristics 

V DD = 0V;T A = 25°C 




Symbol 


Limits 




Test 


Parameter 


Min Max Unit 


Conditions 


Input capacitance 


C| 


10 pF 


fc = 
Un 
ret i 


1 MHz; 


Output capacitance 


C 


20 pF 


measured pins 
jrned to V 


I/O capacitance 


C|0 


20 pF 





AC Characteristics 

Vdd = +5 V ±10%; T A = -10 to +70' 


C; Cl = 100 pF (max) 




Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Vdd rise, 
fall time 


tRVD. *FVD 


200 




JUS 


STOP mode 


Input rise, 
fall time 


t|R, t|p 




20 


ns 


Except X1.X2, 
RESET, NMI 


Input rise, 
fall time 


t|RS. l IFS 




30 


ns 


RESET, NMI 
(Schmitt) 


Output rise, 
fall time 


tOR- l 0F 




20 


ns 


Except CLKOUT 


X1 cycle time 


tfJYX 


98 


250 


ns 


Note 3 




62 


250 


ns 


Note 4 


X1 width, low 


twXL 


35 




ns 


Note 3 




20 




ns 


Note 4 


X1 width, high 


twXH 


35 




ns 


Note 3 




20 




ns 


Note 4 


X1 rise, 
fall time 


tXR. tXF 




20 


ns 




CLKOUT cycle 


*CYK 


200 


2000 


ns 


Note 3 


time 


125 


2000 


ns 


Note 4 


CLKOUT width, 
low 


l WKL 


0.5T - 15 




ns 


Notel 


CLKOUT width, 
high 


tWKH 


0.5T - 15 




ns 




CLKOUT rise, 
fall time 


*KR. *KF 




15 


ns 




Address delay 
time 


tOKA 


15 


90 


ns 




Address hold 
time 


tHMA 


0.5T-30 




ns 




Address valid to toADR 
input data valid 




T(n + 1.5) 
-90 


ns 


Note 2 


MREQ to data 
delay 


tDMRD 




T(n + 1) 
-75 


ns 




MSTB to data 
delay 


tDMSD 




T(n + 0.5) 
-75 


ns 




MREQ to MSTB 
delay 


tDMRMS 


0.5T 
-35 


0.5T 
+ 35 


ns 




MREQ width, 
low 


tWMRL 


T(n + 1) 
-30 




ns 




Input data hold 
time 


tHMDR 







ns 




Next control 
setup time 


tscc 


T-25 




ns 





Notes: 

(1) T = CPU clock period (t CY |<)- 

(2) n = number of wait states inserted. 

(3) For 5 MHz parts (//PD70320/322). 

(4) For 8 M Hz parts 0"PD7O32O/322-8) . 
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AC Characteristics (cont) 





Symbol 


Limits 


Test 


Parameter 


Min 


Max 


Unit Conditions 


MREQ to TC 
delay time 


tDMRTC 


i 


0.5T + 50 


ns 


Address data 
output 


tDADW 


I 


D.5T + 50 


ns 


MREQ delay time 


*DAMR 


0.5T - 30 0.5T + 30 


ns 


MSTB delay time 


*DAMS 


T-30 


T + 30 


ns 


MSTB width, 
low 


l WMSL 


T(n + 0.5) 
-30 




ns 


Data output 
setup time 


l SDM 


T(n + 1) 
-50 




ns 


Data output 
hold time 


tHMDW 


0.5T - 30 




ns 


I0STB delay time 


l DAIS 


0.5T-300.5T + 30 


ns 


I0STB to data 

input 


tDISD 




T(n + 1) 
-90 


ns 


I0STB width, 
low 


twiSL 


T(n + 1) 
-30 




ns 


Address hold 
time 


tHISA 


0.5T - 30 




ns 


Input data 
hold time 


tHISDR 







ns 


Output data 
setup time 


tSDIS 


T(n + 1) 
-50 




ns 


Output data 
hold time 


tmsuw 


0.5T - 30 




ns 


Next DMARQ 
setup time 


l SDADQ 




T 


ns Demand mode 


DMARQ hold 
time 


l HDADQ 







ns Demand mode 


DMAAK read 
width, low 


l WDMRL 


T(n + 1.5) 
-30 




ns 


DMAAK write 
width, low 


tWDMWL 


T(n + 1) 
-30 




ns 


DMAAK to TC 
delay time 


tDDATC 


I 


D.5T + 50 


ns 


TC width, low 


l WTCL 


2T-30 




ns 


REFRQ delay 
time 


*DARF 


0.5T - 30 




ns 


REFRQ width, 
low 


l WRFL 


T(n + 1) 
-30 




ns 


Address hold 
time 


tHRFA 


0.5T - 30 




ns 



AC Characteristics (cont) 




Limits 


Test 


Parameter Symbol Min Max 


Unit Conditions 



RESET width low 



tWRSU 30 



ms STOP/ 
POR 

(Power- 
on reset) 





%RSL2 


5 




/js System 
reset 


MREQ, I0STB to READY 
setup time 


tSCRY 




T(n-1) 
-100 


ns n>2 


MREQ, lOSfB to READY 
hold time 


l HCRY 


T(n-1) 




ns n>2 


HLDRQ setup time 


tSHQK 


30 




ns 


HLDAK output delay 


tDKHA 




80 


ns 


Bus control float to 
HLDAK i 


l CFHA 


T-50 




ns 


HLDAK T to control output 
time 


tDHAC 


T-50 




ns 


HLDRQ to HLDAK delay 


l DHQHA 




3T + 160 


ns 


HLDRQ i to control float 


l DHQC 


3T + 30 




ns 


HLDRQ width, low 


l WHQL 


1.5T 




ns 


HLDAK width, low 


%HAL 




T 


ns 


InTp, DMARQ setup 


tSIQK 


30 




ns 


INTp, DMARQ width, high 


twiQH 


8T 




ns 


INTP, DMARQ width, low 


twiQL 


8T 




ns 


POLL setup time 


l SPLK 


30 




ns 


NMI width, high 


tWNIH 


5 




(JS 


NMI width, low 


tWNIL 


5 




A(S 


CTS width, low 


l WCTL 


2T 




ns 


INTR setup time 


l SIRK 


30 




ns 


INTAK delay time 


tDKIA 




80 


ns 


INTR hold time 


tHIAIQ 







ns 


INTAK width, low 


*WIAL 


2T-30 




ns 


INTAK width, high 


l WIAH 


T-30 




ns 


INTAK to data delay 


l DIAD 




2T - 130 


ns 


INTAK to data hold 


tHIAD 





0.5T 


ns 


SCKO (TSCK) cycle time 


tCYTK 


1000 




ns 


SCKO (TSCK) width, high 


tWSTH 


450 




ns 


SCKO (TSCK) width, low 


tWSTL 


450 




ns 


TxD delay time 


tDTKD 




210 


ns 


TxD hold time 


l HTKD 


20 




ns 


CTS0 (RSCK) cycle time 


l CYRK 


1000 




ns 


CTS0 (RSCK) width, high 


l WSRH 


420 




ns 


CTS0 (RSCK) width, low 


t\WSRL 


420 




ns 


RxD setup time 


tSRDK 


80 




ns 


RxD hold time 


l HKRD 


80 




ns 
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Figure 36. External System Clock Control Source 



Recommended Crystal Configuration 


10 pF 




X1 


11 1 


1 

CD 




10 pF 
II 




X2 


Parallel- 


~ resonant 
crystal 





External Oscillator Configuration 
Osc ^°~ 

74HC10 



X1 



Note: 

When using a quartz crystal, it is recommended that 15 pF capacity be used. 



Recommended Ceramic Resonator and Capacitance Requirements 



Manufacturer 


Product Number 


Recommended 
CI (PF) 


Constants 
C2 IPF) 


Product Number 


Recommended 
C1 (PF) 


Constants 
C2|pF) 


Kyocera 


KBR-10.0M 


33 


33 








Murata Manufacturing 


CSA.10.0MT 


47 


47 


CSA16.0MX040 


30 


30 


TDK 


FCR10.0M2S 


30 


30 


FCR16.0M2S 


15 


6 



Timing Waveforms 

Stop Mode Data Retention Timing 



AC Input Waveform 2 (RESET, NMI) 



VDD 



"* r 90% j t 

\ 1Q% VPDDR / 



*- tFVD — * 



«- tRVD 




AC Input Waveform 1 (Except X1, X2, RESET, NMI) 



AC Output Test Point (Except CLKOUT) 




Clock In and Clock Out 



CLKIN1 

[X1] 



tXR 



"« twXH- 



fXF 



/ \—J \-^ NS 



-tWXL ► 



-tCYX- 



VDD 
V 



*— tKR 



\ 



/ 



-^t K F 



"^r 2.2V 
\ 0.8 V 



-tWKL- 



-IWKH- 



- tCYK - 
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Timing Waveforms (cont) 

Memory Read 



CLKOUT 


/ 






















1 




\ ) 








t 


^ \ 


/ 


\ /^ 






■•— tDKA— •• 








A19-A0 




__> 




« 






I tHMA 


; 




' 


; > 


D/-Du ■ - 


5 








-tOMRD ► 




tHMDR^ 






R/W 




/ 


tDAMR __ 






\ 






<r 


,< 




MREQ 


\ 


I 1 * 


\ 


■•-tDMRMS— *- 


tDMSD 

•« ► 




MSTB 




1 


\ ¥ 


>< 




DAMS 




tWMSL *■ 






IOSTB 


5 


\ 


REFRQ 


3 


\ 


DMAAK1- 
DMAAKO 


*-tDMRTC-» 




f 

33-004309C 


fci-fco 




\ 
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Timing Waveforms (cont) 

Memory Write 



-tCYK- 



J ^-J 



♦•tDKA-*- 



A19-A0 



D7-D0 



X 



X 



■^tDADW- 



< 



h 



tHMA- 



> 



\ 



-•damr-*- 



-tSDM- 



-tWMRL- 



-tHMDW- 



I 



\ 



tscc »• 



J ! v 



*— tDMRMS-* 



\ / 



tDAMS- 



-tWMSL- 






tDMRTC -► 



\ 



f 



■ tWTCL ■ 
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Timing Waveforms (cont) 

I/O Read 



A19-A0 



D7-D0 



-tCYK- 



\ / V_^ 



X 



7 



\ / V 



-tDADR- 



-tDAIS- 



\ 



£ 



-tWISL- 



h 



tHISA- 



> 



tHISDR 

•m ►• 



V 



x 



-tscc ► 
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Timing Waveforms (cont) 

I/O Write 



A19-A0 



D7-D0 



REFRQ 



-tCYK »• 






\ 



tDADW 



< 



-tDAIS- 



\ 



-tSDIS- 



-tWISL- 



U-tHISA-»- 



> 



tHISDW 



I 



X 



-tscc ► 
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Timing Waveforms (cont) 

DMA, I/O to Memory 



CLKOUT 

A19-A0 
D7-D0 — 
R/W 

MREQ 

MSTB 

IOSTB 

DMARQO- 
DMARQ1 

DMAAK1- 
DMAAKO 

fci-fco 


/ 






— 1 






















\ 


1 

« — tDKA— »• 


\ 


/ 


/ 


\ 


/ 


\ 




> 


t \ 


< 








t 1 






\ 


/ 






■« — tDAMR — *■ 




■« tHMA •■ 




\ 






> 


f 


s 


V 






) 












-tDAMS »• 


t 






•« — tWMSL — ► 










• tSDADQ • 


»l 


\ 








-•-tHDADQ-* 




1 








i 


\ 


( 1 




r 

83-00431 3C 














\ 


\ 
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Timing Waveforms (cont) 

DMA, Memory to I/O 



A19-A0 



D7-D0 



DMARQO 
DMARQ1- 



-ICYK- 



v_y v_^ v_/ 



-tDKA- 



>: 



7 



x 



-tDAMR- 



■« tWMRL ► 



-tHMA- 



\ 



/ 



x 



-tscc- 



\ / 



X 



J. 

V 



•* tDAMS »• 



-tWMSL- 



X 



-tSDADQ- 



1 



♦-tHDADQ- 



\ 



/ 



\ 



-tWDMWL- 



\ 



/ 



«-tDDATC-» 



-tWTCL- 
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Timing Waveforms (cont) 

Refresh 



CLKOUT \ 












r 


/ 














/ 




\ 


1 
■«-Idka-» 


\ 


* \ 


) 


A19-A0 


> 


f : 


< 










R/W 


/ 


\ 


MREQ 
















IOSTB 












y 


\ 






. ,' 




REFRQ 


{ 


I 1 








1. 






DMAAK1- 
DMAAKO 








V^_ 














83-004315C 



RESET 1 





























\ 




i 




RESET 


\ 


/ 




83-00431 6B 
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Timing Waveforms (cont) 



RESET 2 



CLKOUT 



"• — tWRSL2 ► 



\ _/ 



READY 1 



MREQ 
IOSTB 



\ 



»SCRY 



- tHCRY - 



7 \ 



/ 



READY 2 



MREQ 
IOSTB 



\ 



tSCRY*-* 



/ 



n = 2 
■• tHCRY* ► 



h n k 



' tsCRY [READY setup time] and tHCRY [READY hold time] are a function of 
T and n. Timings shown are examples for n = 2 and n = 3. 
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Timing Waveforms (cont) 



HLDRQ/HLDAK 1 



CLKOUT 



tSHQK 
H- 



Bus control* 



*Ai9-Ao, D7-D0, MREQ, MSTB, IOSTB, R/W 



tDKHA- 



tSHQK - 



\ / 



> 



1CFHA 

< ►• 



V. 



tWHQL- 



-tDHQHA- 



-tWHAL- 



lC 



/ 



tDHAC 



HLDRQ/HLDAK 2 



tDKHA 



/ 



\ 



tSHQK 



A19-A0, D7-D0, MREQ, MSTB, IOSTB, R/W 



/ 



-« tWHQL - 



-tDHQC- 



( 



INTP, DMARQ Input 



CLKOUT 



INTP, 
DMARQ* 



/ 



tWIQH - 



*INTP2-INTP0, DMARQ1-OMARQ0 



\ 



-H- 



-tWIQL- 



A1 
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Timing Waveforms (cont) 



POLL Input 



CLKOUT 



/ 



tSPLK 



\ 



tSPLK 



NMI Input 



CLKOUT 



/ 



\ 



-tWNIH- 



-tWNIL 



CTS Input 












CLKOUT 
CTS1-CTS0 










83-004325B 


_/ 


\ 


i. 
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Timing Waveforms (cont) 



INTR/INTAK 



D7-D0 



MREQ 
IOSTB 



tsiRK 



K 



tDKIA tHIAIQ 

•* ► < 



/ 



tscc 



-• twiAL ► 



\ r^ / 



tWIAH 



i 



tHIAD 



tscc 



Serial Transmit 



\ 



-twSTL- 



X 



tDTKD 



tCYTK - 



/ 



-twSTH- 



1. 



tHTKD 



ic 
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Timing Waveforms (cont) 

Serial Receive 



-tCYRK- 



\ 



/ 



K 



X 



- tWSRL ■■ 



-tSRDK- 



-twSRH- 



X 



-tHKRD- 
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Instruction Set 

Instructions, grouped according to function, are 
described in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary 
information applicable to the instruction set is con- 
tained in the following tables. 

• Symbols and Abbreviations 

• Flag Symbols 

• 8- and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1) and reg (000 to 111). 

• Segment Registers. The segment register is speci- 
fied in the operation code bysreg (00, 01, 10, or 11). 

• Memory Addressing. The memory addressing mode 
is specified in the operation code by mod (00, 01 , or 
10) and mem (000 through 111). 

• Instruction Clock Count. This table gives formulas 
for calculating the number of clock cycles occupied 
by each type of instruction. The formulas, which 
depend on byte/word operand and RAM enable/dis- 
able, have variables such as EA (effective address), 
W (wait states), and n (iterations or string instruc- 
tions). 

Symbols and Abbreviations 



Identifier 


Description 


reg 


8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


dmem 


8- or 16-bit direct memory location 


mem 


8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


sfr 


8-bit special function register location 


imm 


Constant (0 to FFFFH) 


imm16 


Constant (0 to FFFFH) 


imm8 


Constant (0 to FFH) 


imm4 


Constant (0 to FH) 


imm3 


Constant (0 to 7) 


ace 


AW or AL register 


sreg 


Segment register 


src-table 


Name of 256-byte translation table 


src-block 


Name of block addressed by the IX register 



Identifier 


Description 


dst-block 


Name of block addressed by the IY register 


near-proc 


Procedure within the current program segment 


far-proc 


Procedure located in another program segment 


near-label 


Label in the current program segment 


short-label 


Label between -128 and +127 bytes from the end 
of instruction 


tar-label 


Label in another program segment 


memptr16 


Word containing the offset of the memory location 
within the current program segment to which control 
is to be transferred 


memptr32 


Double word containing the offset and segment base 
address of the memory location to which control is to 
be transferred 


regptr16 


16-bit register containing the offset of the memory 
location within the program segment to which control 
is to be transferred 


pop-value 


Number of bytes of the stack to be discarded (0 to 
64K bytes, usually even addresses) 


fp-op 


Immediate data to identify the instruction code of the 
external floating point operation 


R 


Register set 


W 


Word/byte field (0 to 1) 


reg 


Register field (000 to 111) 


mem 


Memory field (000 to 111) 


mod 


Mode field (00 to 10) 


S:W 


When S:W = 01 or 11, data = 16 bits. At all 
other times, data = 8 bits. 


X, XXX, YYY, ZZZData to identify the instruction code of the 
external floating point arithmetic chip 


AW 


Accumulator (16 bits) 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


BP 


Base pointer register (16 bits) 


BW 


BW register (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) ^ 


CW 


CW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


DW 


DW register (16 bits) 


DH 


DW register (high byte) 


DL 


DW register (low byte) 


SP 


Stack pointer (16 bits) 


PC 


Program counter (16 bits) 


PSW 


Program status word (16 bits) 
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Symbols and Abbreviations (cont) 



Flag Symbols 



Identifier 


Description 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


PS 


Program segment register (16 bits) 


SS 


Stack segment register (16 bits) 


DS 


Data segment register (16 bits) 


DS-i 


Data segment 1 register (16 bits) 


AC 


Auxiliary carry flag 


CY 


Carry flag 


P 


Parity flag 


S 


Sign flag 


Z 


Zero flag 


DIR 


Direction flag 


IE 


Interrupt enable flag 


V 


Overflow flag 


BRK 


Break flag 


MD 


Mode flag 


(...) Values in parentheses are memory contents 


disp 


Displacement (8 or 16 bits) 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1-bit) 


seg 


Immediate segment data (16 bits) 


offset 


Immediate offset data (16 bits) 


*- 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


-5- 


Division 


% 


Modulo 


AND 


Logical product 


OR 


Logical sum 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 



Identifier Description 


(blank) No change 


Cleared toO 


1 Set to 1 


X Set or cleared according to the result 


U Undefined 


R Value saved earlier is 


restored 


8- and 16-Bit Registers (mod = 11) 


reg W = 


W = 1 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


011 BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


IY 


Segment Registers 


sreg Register 


00 DS 1 


01 PS 


10 SS 


11 DSn 


Memory Addressing 


mem mod = 00 mod = 01 


mod = 10 


000 BW + IX BW + IX + disp8 


BW + IX + disp16 


001 BW + IY BW + IY + disp8 


BW + IY + disp16 


010 BP + IX BP + IX + disp8 


BP + IX + disp16 


011 BP + IY BP + IY + disp8 


BP + IY + disp16 


100 IX IX + disp8 


IX + disp16 


101 IY IY + disp8 


IY + disp16 


110 Direct BP + disp8 


BP + disp16 


111 BW BW + disp8 


BW + disp16 
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Instruction Clock Count 



Mnemonic Operand 



Clocks 



ADD 



reg8, reg8 
reg16, reg16 


2 
2 




reg8, mem8 
reg16, mem16 


EA+6+W 
EA+8+2W 




mem8, reg8 
mem16, reg16 


EA+8+2W 
EA+12+4W 


[EA+6+W] 
[EA+8+2W] 


reg8, imm8 
reg16, imm8 
reg16, imm16 


5 
5 
6 




mem8, imm8 
mem16, imm8 
mem16, imm16 


EA+9+2W 
EA+9+2W 
EA+14+4W 


[EA+7+2W] 
[EA+7+2W] 
[EA+10+4W] 



Mnemonic 


Operand 


Clocks 


BRK 


3 
imm8 


55+10W [43+10W] 
56+10W [44+10W] 


BRKCS 




15 


BRKV 




55+10W [43+10W] 


BTCLR 




29 


BUSLOCK 




2 





AL, imm8 
AW, imm16 


5 
6 


ADD4S 






22+(27+3W)n [22+(25+3W)n] 


ADDC 






Same as ADD 


ADJ4A 






9 


ADJ4S 






9 


ADJBA 






17 


ADJBS 






17 



CALL 



CHKIND 



CLR1 



AND 



reg8, reg8 
reg16, reg16 



reg8, mem8 
reg16, mem16 



EA+6+W 
EA+8+2W 



CMP 



mem8, reg8 
mem16, reg16 



EA+8+2W [EA+6+W] 
EA+12+4W [EA+8+2W] 



reg8, imm8 
reg16, imm16 



mem8, imm8 
mem16, imm16 



EA+9+2W [EA+7+2W] 
EA+14+4W [EA+10+4W] 



Bcond (conditional branch) 8 or 15 



BCWZ 



8 or 15 



BR 



near-label 
short-label 



regptr16 
memptr16 



13 
EA+17+2W 



far-label 
memptr32 



15 
EA+25+4W 



Notes: 

(1) If the number of clocks is not the same for RAM enabled and 
RAM disabled conditions, the RAM enabled value is listed first, 
followed by the RAM disabled value in brackets; for example, 
EA+8+2W [EA+6+W]. 

(2) Symbols in the Clocks column are defined as follows. 

EA = additional clock cycles required for calculation of the 
effective address 

= 3 (mod 00 or 01) or 4 (mod 10) 

W = number of wait states selected by the WTC register 

n = number of iterations or string instructions 



near-proc 
regptr16 



22+2W [18+2W] 
22+2W [18+2W] 



memptr16 EA+26+4W [EA+24+4W] 

far-proc 36+4W [34+4W] 

memptr32 EA+36+8W [EA+24+8W] 



EA+26+4W 



CY 
DIR 



reg8, CL 
reg16, CL 



mem8, CL 
mem16, CL 



EA+14+2W [EA+12+W] 
EA+18+4W [EA+14+2W] 



reg8, imm3 
reg16, imm4 



mem8, imm3 
mem16, imm4 



EA+11+2W [EA+9+W] 
EA+15+4W [EA+10+2W] 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+6+W 
EA+8+2W 


mem8, reg8 
mem16, reg16 


EA+6+W 
EA+8+2W 


reg8, imm8 
reg16, imm8 
reg16, imm16 


5 
5 
6 


mem8, imm8 
mem16, imm8 
mem16, imm16 


EA+7+W 

EA+10+2W 

EA+10+2W 





AL, imm8 
AW, imm16 


5 
6 


CMP4S 




22+(23+2W)n 


CMPBK 


mem8, mem8 
mem16, mem16 


23+2W [19+2W] 
27+4W [21+2W] 
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NEC 



Instruction Clock Count (cont) 



Mnemonic 


Operand 


Clocks 


CMPBKB 




16+(21+2W)n 


CMPBKW 




16+(25+4W)n 


CMPM 


mem8 
mem16 


17+W 
19+2W 


CMPMB 




16+(15+W)n 


CMPMW 




16+(17+2W)n 


CVTBD 




19 


CVTBW 




3 


CVTDB 




20 


CVTWL 




8 


DBNZ 




8 or 17 


DBNZE 




8 or 17 


DBNZNE 




8 or 17 


DEC 


reg8 
reg16 


5 
2 




mem8 
mem16 


EA+11+2W [EA+9+2W] 
EA+15+4W [EA+11+4W] 


Dl 




4 


DISPOSE 




12+2W 


DIV 


AW, reg8 
AW, mem8 


46-56 

EA+48+W to EA+58+W 




DW:AW, reg16 
DW:AW, mem16 


54-64 

EA+58+2W to EA+68+2W 


DIVU 


AW, reg8 
AW, mem8 


31 
EA+33+W 




DW:AW, reg16 
DW:AW, mem16 


39 
EA+43+2W 


DSO: 




2 


DS1: 




2 


El 




12 


EXT 


reg8, reg8 
reg8, imm4 


41-121 
42-122 


FINT 




2 


FP01 




60+10W [48+10W] 


FP02 




60+10W [48+10W] 


HALT 







IN 


AL, imm8 
AW, imm8 


14+W 
16+2W 




AL, DW 
AW, DW 


13+W 
15+2W 


INC 


reg8 
reg16 


5 
2 




mem8 
mem16 


EA+11+2W [EA+9+2W] 
EA+15+4W [EA+11+4W] 



Mnemonic 


Operand 


Clocks 


INM 


mem8, DW 
mem16, DW 


19+2W [17+2W] 
21+4W [17+4W] 




mem8, DW 
mem16, DW 


18+(13+2W)n [18+(11+2W)n] 
18+(15+4W)n [18+(11+4W)n] 


INS 


reg8, reg8 
reg8, imm4 


63-155 
64-156 


LDEA 




EA+2 


LDM 


mem8 


12+W 




mem16 


16+(12+2W)n 


LDMB 


mem16 


14+2W 


LDMW 


mem8 


16+(10+W)n 


MOV 


reg8, reg8 
reg16, reg16 


2 
2 




reg8, mem8 
reg16, mem16 


EA+6+W 
EA+8+2W 




mem8, reg8 
mem16, reg16 


EA+4+W [EA+2] 
EA+6+2W [EA+2] 




reg8, imm8 
reg16, imm16 


5 
6 




mem8, imm8 
mem16, imm16 


EA+5+W 
EA+5+2W 




AL, dmem8 
AW, dmem16 


9+W 
11+2W 




dmem8, AL 
dmem16, AW 


7+W [5] 
9+2W [5] 




sreg, reg16 
sreg, mem16 


4 
EA+10+2W 




reg16, sreg 
mem16, sreg 


3 

EA+7+2W [EA+3] 




AH, PSW 
PSW, AH 


2 
3 




DSO, reg16, memptr32 
DS1, reg16, memptr32 


EA+19+4W 
EA+19+4W 


MOVBK 


mem8, mem8 
mem16, mem16 


20+2W [16+W] 
16+(20+4W)n [16+(12+2W)n] 


MOVBKB 


mem8, mem8 


16+(16+2W)n [16+(12+W)n] 


MOVBKW 


mem16, mem16 


24+4W [20+2W] 


MOVSPA 




16 


MOVSPB 




11 


MUL 


AW, AL,reg8 
AW, AL, mem8 


31-40 

EA+33+W to EA+42+W 




DW:AW, AW, reg16 
DW:AW, AW, mem16 


39-48 

EA+43+2W to EA+52+2W 




reg16, reg16, imm8 
reg16, mem16, imm8 


39-49 

EA+43+2W to EA+53+2W 




reg16, reg16, imm16 
reg16, mem16, imm16 


40-50 

EA+44+2W to EA+54+2W 
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Instruction Clock Count (cont) 



Mnemonic 


Operand 


Clocks 


MULU 


reg8 
mem8 


24 
EA+26+W 




reg16 
mem16 


32 
EA+34+2W 


NEG 


reg8 
reg16 


5 
5 




mem8 
mem16 


EA+11+2W [EA+9+W] 
EA+15+4W [EA+11+2W] 


NOP 




4 


NOT 


reg8 
reg16 


5 
5 




mem8 
mem16 


EA+11+2W [EA+9+W] 
EA+15+4W [EA+11+2W] 


N0T1 


CY 


2 




reg8, CL 
reg16, CL 


7 
7 




mem8, CL 
mem16, CL 


EA+13+2W[EA+11+W] 
EA+17+4W [EA+13+2W] 




reg8, imm3 
reg16, imm4 


6 
6 




mem8, imm3 
mem16, imm4 


EA+10+2W [EA+8+W] 
EA+14+4W [EA+10+2W] 


OR 


reg8, reg8 
reg16, reg16 


2 
2 




reg8, mem8 
reg16, mem16 


EA+6+W 
EA+8+2W 




mem8, reg8 
mem16, reg16 


EA+8+2W [EA+6+W] 
EA+12+4W [EA+8+2W] 




reg8, imm8 
reg16, imm16 


5 
6 




mem8, imm8 
mem16, imm16 


EA+9+2W [EA+7+2W] 
EA+14+4W [EA+10+4W] 




AL, imm8 
AW, imm16 


5 
6 


OUT 


imm8, AL 
imm8, AW 


10+W 
10+2W 




DW.AL 
DW.AW 


9+W 
9+2W 


OUTM 


DW, mem8 
DW, mem16 


19+2W [17+2W] 
21+4W [17+4W] 




DW, mem8 
DW, mem16 


18+(13+2W)n [18+(11+2W)n] 
18+(15+4W)n [18+11+4W)n] 


POLL 







POP 


reg16 
mem16 


12+2W 

EA+16+4W [EA+12+2W] 




DS1 
SS 


13+2W 
13+2W 




DSO 
PSW 


13+2W 
14+2W 




R 


82+16W [58] 



Mnemonic 


Operand 


Clocks 




PREPARE 


imm16, imm8 


imm8 = 
imm8 = 
imm8 = 


0: 27+2W 
1: 39+4W 
n > 1: 46+19 (n-1)+4W 


PS: 




2 




PUSH 


reg16 
mem16 


10+2W [6] 

EA+18+4W [EA+14+4W] 




DS1 
PS 


11+2W 
11+2W 


[7] 
[7] 




SS 
DSO 


11+2W 
11+2W 


[7] 
[7] 




PSW 
R 


10+2W 
82+16W 


[6] 
' [50] 




imm8 
imm16 


13+2W 
14+2W 


[9] 
[10] 


REP 




2 




REPE 




2 




REPZ 




2 




REPC 




2 




REPNC 




2 




REPNE 




2 




REPNZ 




2 




RET 


null 
pop-value 


20+2W 
20+2W 






null 
pop-value 


29+4W 
30+4W 




RETI 




43+6W 


[35+2W] 


RETRBI 




12 




ROL 


reg8, 1 
reg16, 1 


8 
8 






mem8, 1 
mem16, 1 


EA+14+2W [EA+12+W] 
EA+18+4W [EA+14+2W] 




reg8, CL 
reg16, CL 


11 +2 n 
11+2n 






mem8, CL 
mem16, CL 


EA+17+2W+2n [EA+15+W+2n] 
EA+21+4W+2n [EA+17+2W+2n] 




reg8, imm8 
reg16, imm8 


9+2n 
9+2n 






mem8, imm8 
mem16, imm8 


EA+13+2W+2n [EA+11+W+2n] 
EA+17+4W+2n [EA+13+2W+2n] 


ROL4 


reg8 
mem8 


17 

EA+18+2W [EA+16+2W] 


ROLC 




Same as ROL 




ROR 




Same as ROL 




ROR4 


reg8 
mem8 


21 

EA+24+2W [EA+22+2W] 


RORC 




Same as ROL 




SET1 


CY 
DIR 


2 
2 
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NEC 



Instruction Clock Count (cont) 



Mnemonic 


Operand 




Clocks 




SET1 (cont) reg8, CL 
reg16, CL 




7 
7 






mem8, CL 
mem16, CL 




EA+13+2W 
EA+17+4W 


[EA+11+W] 
[EA+13+2W] 




reg8, imm3 
reg16, imm4 




6 
6 






mem8, imm3 
mem16, imm4 




EA+10+2W 
EA+14+4W 


[EA+8+W] 
[EA+10+2W] 


SHL 




Same 


asROL 




SHR 




Same 


asROL 




SHRA 




Same 


asROL 




SS: 






2 




STM 


mem8 
mem16 




12+2 [10] 
16+(10+2W)i 


n [16+(6+2W)n] 


STMB 


mem8 




16+(8+W)n 


[16+(6+W)n] 


STMW 


mem16 




14+2W [10] 




STOP 











SUB 




Same 


as ADD 




SUB4S 






22+(27+3W) 


n [22+(25+3W)n] 


SUBC 




Same 


as ADD 




TEST 


reg8, reg8 
reg16, reg16 




4 
4 






reg8, mem8 
reg16, mem16 




EA+8+W 
EA+10+2W 






mem8, reg8 
mem16, reg16 




EA+8+W 
EA+10+2W 






reg8, imm8 
reg16, imm16 




7 
8 






mem8, imm8 
mem16, imm16 




EA+11+W 
EA+11+2W 






AL, imm8 
AW, imm16 




5 
6 




TEST1 


reg8, CL 
reg16, CL 




7 
7 






mem8, CL 
mem16, CL 




EA+11+W 
EA+13+2W 






reg8, imm3 
reg16, imm4 




6 
6 






mem8, imm3 
mem16, imm4 




EA+8+W 
EA+10+2W 




TRANS 






10+W 




TRANSB 






10+W 




TSKSW 






11 





Mnemonic Operand 



Clocks 



XCH 



reg8, reg8 
reg16, reg16 



reg8, mem8 
reg16, mem16 



EA+10+2W [EA+8+2W] 
EA+14+4W [EA+10+4W] 



mem8, reg8 
mem16, reg16 



EA+10+2W [EA+8+2W] 
EA+14+4W [EA+10+4W] 



AW,reg16 
reg16, AW 



XOR 



Same as AND 
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N = number of clocks to complete the instruction currently executing. 

Notes: 

(1) Every interrupt (except NMI) has an additional associated 
latency time of 27 + N clocks. During the 27 clocks, the interrupt 
controller performs some overhead tasks such as arbitrating 
priority. This time should be added to the above listed interrupt 
and macro service execution times. NMI latency time is 18 + N 
clocks. 



Execution Clock Counts for Operations 








Byte 




Word 




RAM Enable 


RAM Disable 


RAM Enable 


RAM Disable 


Context switch interrupt (Note 1) 






- 


- 


27 


27 


DMA (Single-step mode) (Note 2) 






20 + 2W 


20 + 2W 


24 + 4W 


24 + 4W 


DMA (Demand release mode) 






15 + W 


15 + W 


17 + 2W 


17 + 2W 


DMA (Burst mode) 






(12 + 2W)n 


(12 + 2W)n 


(12 + 4W)n 


(12 + 4W)n 


DMA (Single-transfer mode) 






33 + W + N 


33 + W + N 


35 + 2W + N 


35 + 2W + N 


Interrupt (INT pin) 






- 


- 


62 + 6W 


62 + 6W 


Macro service, sfr - mem (Note 2) 






24 + W 


19 + W 


26 + 2W 


21+2W 


Macro service, mem - sfr 






22 + W 


20 + W 


22 + 2W 


22 + 2W 


Macro service (Search char mode), 


sfr- 


mem 


27 + W 


27 + W 


- 


- 


Macro service (Search char mode), 


mem 


-sfr 


37 + W 


34 + W 


- 


- 


Priority vectored interrupt, including NMI (Note 1) 


- 


- 


58 + 10W 


58 + 10W 



(2) The DMA and macro service clock counts listed are the required 
number of CPU clocks for each transfer. 

(3) When an external interrupt is asserted, a maximum of 6 clocks is 
required for internal synchronization before the interrupt request 
flag is set. For an internal interrupt, a maximum of 2 clocks 
is required. 



Bus Controller Latency 








Mode 


Clocks 


HLDRQ latency 




7 + 2W 



DMA request latency (Note 1) 



Burst 


29 + N 


Single step 


29 + N 


Demand release 


29 + N 



Single transfer 



31 + N 



Notes: 

(1) The listed DMA latency times are the maximum number of clocks 
when a DMA request is asserted until DMAAK or MREQ goes low 
in the corresponding DMA cycles. The test conditions are no 
wait states, no interrupts, no macro service requests, and no hold 
requests. 
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Mnemonic Operand 



Operation 



Operation Code 
7 6 5 4 3 2 



10 7 6 5 4 3 2 10 



No. of Flags 

Bytes AC CY V P S Z 



Data Transfer 



MOV 



XCH 



reg, reg 


reg ■*— reg 






1 











1 





1 


w 


1 1 




reg 


reg 


2 


mem, reg 


(mem) *— reg 






1 











1 








w 


mod 




reg 


mem 


2-4 


reg, mem 


reg *— (mem) 






1 











1 





1 


w 


mod 




reg 


mem 


2-4 


mem, imm 


(mem) •«— imm 






1 


1 











1 


1 


w 


mod 








mem 


3-6 


reg, imm 


reg *— imm 






1 





1 


1 


W 




reg 












2-3 


ace, dmem 


When W = AL «- (dmem) 
When W = 1 AH «- (dmem + 1) 


AL^ 


dmem) 


1 





1 














w 










3 


dmem, ace 


When W = (dmem) *- AL 
When W = 1 (dmem + 1) «- AH 


(dmem; 


^AL 


1 





1 











1 


w 










3 


sreg, reg16 


sreg *- reg16 sreg : SS, DSO, DS1 




1 











1 


1 


1 





1 1 





sreg 


reg 


2 


sreg, mem16 


sreg *- (mem16) sreg : SS, DSO, 


DS1 




1 











1 


1 


1 





mod 





sreg 


mem 


2-4 


reg16, sreg 


reg16 ■*— sreg 






1 











1 


1 








1 1 





sreg 


reg 


2 


mem16, sreg 


(mem16) <— sreg 






1 











1 


1 








mod 





sreg 


mem 


2-4 


DSO, reg 16, 
mem32 


reg16«— (mem32) 
DSO — (mem32 + 2) 






1 


1 











1 





1 


mod 




reg 


mem 


2-4 


DS1, reg16, 
mem32 


reg16 •«— (mem32) 
DS1 *- (mem32 + 2) 






1 


1 











1 








mod 




reg 


mem 


2-4 


AH, PSW 


AH *- S, Z, x, AC, x, P, x, CY 






1 








1 


1 


1 


1 


1 










1 





PSW, AH 


S, Z, x, AC, x, P, x, CY — AH 


10 11110 






1 


x 


X 


XXX 


LDEA 


reg16, mem16 


reg16*— mem16 


1 1 1 1 mod 


reg 


mem 


2-4 








TRANS 


src-table 


AL *- (BW + AL) 


110 10 111 






1 









reg, reg 


reg < — > reg 


10 


1 W 1 1 


reg 


reg 


2 


mem, reg 
or reg, mem 


(mem) •* — »• reg 


10 


1 W mod 


reg 


mem 


2-4 





AW, reg16 
or reg16, AW 


AW « — * reg16 


10 10 reg 


1 


Repeat Prefixes 


REPC 




While CW ^ 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, 
it is processed. When CY ^ 1, exit the loop. 


110 10 1 


1 


REPNC 




While CW ¥- 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, 
it is processed. When CY ^ 0, exit the loop. 


110 10 


1 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 
765432107654321 



No. of 



AC CY V P S Z 



Repeat Prefixes (cont) 



REP 

REPE 

REPZ 



While CW # 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 
is CMPBK or CMPM and Z ^ 1, exit the loop. 



11110 11 



REPNE 
REPNZ 



While CW ^ 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 
is CMPBK or CMPM and Z # 0, exit the loop. 



11110 10 



Primitive Block Transfer 



MOVBK dst-biock, When W = (IY) — (IX) 

src-block DIR = 0: IX — IX + 1, IY — IY + 1 

DIR = 1: IX -« — IX — 1. IY - — IY — 1 

When W = 1 (IY + 1, IY) — (IX + 1, IX) 
DIR = 0: IX — IX + 2, IY — IY + 2 
DIR = 1: IX — IX-2.IY- IY — 2 



1 1 1 W 



CMPBK src-block, When W = (IX) - (IY) 

dst-block DIR -0: IX — IX + 1.IY- IY + 1 

DIR = 1: IX — IX-1.IY — IY — 1 

When W = 1 (IX + 1, IX) - (IY + 1, IY) 

DIR = 0: IX — IX + 2.IY- IY + 2 

DIR = 1: IX — IX-2.IY — IY — 2 



1 1 1 1 W 



CMPM dst-block 


When W = AL - (IY) 

DIR = 0: IY — IY + 1; DIR = 1: IY — IY - 1 
WhenW = 1AW-(IY + 1,IY) 

DIR = 0: IY — IY + 2; DIR = 1: IY — IY - 2 


10 10 1 


1 1 W 


1 x X X x x x 


LDM src-block 


When W = AL — (IX) 

DIR = 0: IX — IX + 1; DIR = 1: IX — IX - 1 
WhenW = 1 AW — (IX + 1,IX) 

DIR = 0: IX — IX + 2; DIR = 1: IX — IX - 2 


10 10 1 


1 W 


1 


STM dst-block 


When W = (IY) — AL 

DIR = 0: IY — IY + 1; DIR = 1: IY — IY - 1 
When W = 1 (IY + 1, IY) — AW 

DIR = 0: IY — IY + 2; DIR = 1: IY — IY - 2 


10 10 1 


1 W 


1 


Bit Field Transfer 



INS 



reg8, reg8 



16-Bit field — AW 



0000111100110001 
1 1 reg reg 



reg8, imm4 



16-Bit field — AW 



11110 1110 1 
110 reg 



u 

D 
O 

w 

is) 

o 

CO 
10 

ro 

< 

10 
01 



n 



Instruction Set (cont) 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No. of ' Flags 

Bytes AC CY V P S Z 


Bit Field Transfer (cont) 



EXT 


reg8, reg8 


AW — 16-Bit field 







1 






reg 


1 


1110 
reg 


1 


1 





1 


1 


3 




reg8, imm4 


AW — 16-Bit field 







1 










1 



1110 
reg 


1 


1 


1 


1 


1 


4 


I/O 


IN 


ace, imm8 


When W = AL — (imm8) 

When W = 1 AH «- (imm8 + 1), AL «- (imm8) 




1 


1 








1 W 












2 




ace, DW 


When W = AL +- (DW) 

When W = 1 AH — (DW + 1), AL *- (DW) 




1 


1 





1 


1 W 












1 


OUT 


imm8, ace 


When W = (imm8) *- AL 

When W = 1 (imm8 + 1) «- AH, (imm8) <— AL 




1 


1 








1 1 W 












2 




DW, ace 


When W = (DW) +- AL 




1 


1 





1 


1 1 W 












1 



Primitive Block I/O Transfer 


INM dst-block, DW 


When W = (IY) «- (DW) 

DIR = 0: IY *- IY + 1; DIR = 1: IY <- IY - 1 
When W = 1 (IY + 1, IY) *- (DW + 1, DW) 

DIR = 0: IY «— IY + 2; DIR = 1: IY *- IY - 2 


1 


1 1 


1 W 


1 


OUTM DW, src-block 


When W = (DW) <«- (IX) 

DIR = 0: IX *- IX + 1; DIR = 1: IX — IX - 1 
When W = 1 (DW + 1, DW) — (IX + 1, IX) 

DIR = 0: IX <— IX + 2; DIR = 1: IX — IX - 2 


1 


1 1 


1 1 W 


1 


Addition/Subtraction 



ADD 



reg, reg 


reg •*— reg + reg 





1 


W 1 1 




reg 




reg 


2 


X 


X 


X 


X 


X 


X 


mem, reg 


(mem) *— (mem) + reg 








W mod 




reg 




mem 


2-4 


X 


X 


X 


X 


X 


X 


reg, mem 


reg «— reg + (mem) 





1 


W mod 




reg 




mem 


2-4 


X 


X 


X 


X 


X 


X 


reg, imm 


reg *— reg + imm 


1 


S 


W 1 1 











reg 


3-4 


X 


X 


X 


X 


X 


X 


mem, imm 


(mem) •*— (mem) + imm 


1 


s 


W mod 











mem 


3-6 


X 


X 


X 


X 


X 


X 



ace, imm 



WhenW = 0AL« 
When W = 1 AW 



AL + imm 
- AW + imm 



1 W 



2-3 



X X X X 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 

7 6 5 4 3 2 1 



7 6 5 4 3 2 10 



No. of Flags 

Bytes AC CY V P S Z 



Addition/Subtraction (cont) 



ADDC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



reg -*— reg + reg + CY 



1 1 W 1 1 



reg 



reg 



(mem) •«— (mem) + reg + CY 



1 W mod 



reg 



reg *— reg + (mem) + CY 



1 1 W mod 



reg 



reg •*— reg + imm + CY 



100000SW11010 



reg 



(mem) -— (mem) + imm + CY 



100000SWmod010 



When W = AL >— AL + imm + CY 
When W = 1 AW <— AW + imm + CY 



1 1 W 



x x x x 



2-4 



X X X X 



2-4 



X X X X 



3-4 



X X X X 



3-6 



2-3 



SUB 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



reg •*— reg - reg 



1 1 1 W 1 1 



reg 



reg 



(mem) «— (mem) - reg 



1 1 W mod 



reg 



reg ■«— reg - (mem) 



1 1 1 W mod 



reg 



reg *— reg - imm 



1000 00SW11 101 



reg 



(mem) •*— (mem) - imm 



100000SWmod101 



WhenW = 0AL« 
When W = 1 AW 



■ AL- imm 
-AW- imm 



1 1 1 W 



X X X X 



2-4 



X X X X 



2-4 



3-4 



X X X X 



3-6 



X X X X 



2-3 



X X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



reg 



reg - reg - CY 



1 1 1 W 1 1 



reg 



reg 



(mem) -«— (mem) - reg - CY 



1 1 W mod 



reg 



reg +- reg - (mem) - CY 



1 1 1 W mod 



reg 



reg 



reg - imm - CY 



100000SW11011 



reg 



(mem) <— (mem) - imm - CY 



100000SWmod011 



When W = AL < 
When W = 1 AW 



AL-imm-CY 
- AW - imm - CY 



1 1 1 W 



x x x x 



2-4 



X X X x 



2-4 



3-4 



X X X X 



3-6 



X X X X 



2-3 



X X X X 



■u 

D 
-J 

O 

u 

10 

o 

CO 
10 
10 

< 

10 

01 



Q 



oS Instruction Set (cont) 



Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 Z 


7 6 


5 4 3 2 10 


No. of 
Bytes AC 


Flags 
CY V P s z 


BCD Operation 


ADD4S 


dst BCD string *— dst BCD string 
+ src BCD string 


11 


1 


10 


2 u 


X U U U X 


SUB4S 


dst BCD string — dst BCD string 
- src BCD string 


11 


1 


10 10 


2 u 


X U U U X 


CMP4S 


dst BCD string - src BCD string 


11 


1 


10 110 


2 u 


X U U U X 



ROL4 





AL L 




Upper 4 bits 


Lower 4 bits 






[ 




I 






| 



0000111100101000 
110 reg 



mem8 





AL L 




Upper 4 bits 


Lower 4 bits 






I 







0000111100101000 
mod mem 



3-5 



R0R4 



reg8 





AL L 




Upper 4 bits 


Lower 4 bits 






I 




♦ 








| 



0000111100101010 
110 reg 



mem8 



7 


AL 









mem 






AL L 




Upper 4 bits 


Lower 4 bits 












L_ 











0000111100101010 
mod mem 



3-5 



BCD Adjust 


ADJBA 


When (AL AND OFH) >9 or AC = 1, 

AL *- AL + 6, AH — AH + 1, AC «— 1, 

CY — AC, AL — AL AND OFH 





10 111 


1 X 


X u u u u 


ADJ4A 


When (ALAND OFH) >9 or AC = 1, 

AL ««- AL + 6, CY — CY OR AC, AC — 1, 

WhenAL>9FH, orCY = 1 

AL — AL + 60H, CY — 1 





111 


1 X 


X U X X X 


ADJBS 


When (AL AND OFH) >9 or AC = 1 , 
CY — AC, AL «- AL AND OFH 





11111 


1 X 


X u u u u 


ADJ4S 


When (AL AND OFH) >9 or AC = 1, 

AL <— AL - 6, CY <— CY OR AC, AC <— 1, 

WhenAL>9FH, orCY = 1 

AL «- AL + 60H, CY «- 1 





1111 


1 X 


X U X X X 



Instruction Set (cont) 






Mnemonic 



Operand 



Operation 



Operation Code 

7 6 54321076543210 



No. of 



AC CY V P S Z 



Increment/Decrement 



INC reg8 


reg8 — reg8 + 1 






1 1 


1 1 


1 


1 1 


1 1 











reg 


2 


x 




X 


X 


X X 


mem 


(mem) — (mem) + 1 






1 1 


1 1 


1 


1 1 w 


mod 











mem 


2-4 


X 




X 


X 


X X 


reg16 


reg16 — reg16 + 1 






1 


D 





reg 












1 


X 




X 


X 


X X 


DEC reg8 


reg8 — reg8 - 1 






1 1 


1 1 


1 


1 1 


1 1 








1 


reg 


2 


X 




X 


X 


X X 


mem 


(mem) — (mem) - 1 






1 1 


1 1 


1 


1 1 W 


mod 








1 


mem 


2-4 


X 




X 


X 


X X 


reg16 


reg16 — reg16 - 1 






1 


D 


1 


reg 












1 


X 




X 


X 


X X 


Multiplication 


MULU reg8 


AW — ALxreg8 
AH = 0: CY — 0, V — 
AH^O: CY-f— 1, V-*— 1 






1 1 


1 1 





1 1 


1 1 


1 








reg 


2 


u 


X 


X 


u 


u u 


mem8 


AW — AL x (mem8) 
AH = 0: CY — 0, V — 
AH^0:CY — 1,V — 1 






1 1 


1 1 





1 1 


mod 


1 








mem 


2-4 


u 


X 


X 


u 


u u 


reg16 


DW, AW — AW x reg16 
DW = 0: CY — 0, V — 
DW^0:CY — 1,V — 1 






1 1 


1 1 





1 1 1 


1 1 


1 








reg 


2 


u 


X 


X 


u 


u u 


mem16 


DW, AW — AW x (mem16) 
DW = 0: CY — 0, V — 
DW^0:CY — 1,V — 1 






1 1 


1 1 





1 1 1 


mod 


1 








mem 


2-4 


u 


X 


X 


u 


u u 


MUL reg8 


AW — AL x reg8 
AH = ALsign expansion: 
AH ^ AL sign expansion: 


CY — C 
CY *— 1 


,V — 
,V — 1 


1 1 


1 1 





1 1 


1 1 


1 





1 


reg 


2 


u 


X 


X 


u 


u u 


mem8 


AW — AL x (mem8) 
AH = AL sign expansion: 
AH # AL sign expansion: 


CY — 0, V — 
CY — 1, V-*— 1 


1 1 


1 1 





1 1 


mod 


1 





1 


mem 


2-4 


u 


X 


X 


u 


u u 


reg16 


DW, AW — AW x reg16 
DW = AW sign expansion 
DW ^ AW sign expansion 


CY — 
CY — 


0, V — 
1,V — 1 


1 1 


1 1 





1 1 1 


1 1 


1 





1 


reg 


2 


u 


X 


X 


u 


u u 


mem16 


DW, AW — AW x (mem16) 
DW = AW sign expansion 
DW t* AW sign expansion 


CY — 
CY — 


0,V — 
1,V — 1 


1 1 


1 1 





1 1 1 


mod 


1 





1 


mem 


2-4 


u 


X 


X 


u 


u u 


reg16, 
reg16, 

imm8 


reg16 — reg16 x imm8 
Product < 16 bits: CY — 
Product > 16 bits: CY — 


0,V — 
1,V — 



1 


1 


1 


1 


1 1 


1 1 




reg 




reg 


3 


u 


X 


X 


u 


u u 


reg16, 


reg16 — (mem16) x imm8 






1 


1 


1 


1 1 


mod 




reg 




mem 


3-5 


u 


X 


X 


u 


u u 



mem16, 
imm8 



Product < 16 bits: CY — 0, V — 
Product > 16 bits: CY — 1,V — 1 



15 

D 

o 

CO 
10 

o 
s 

CO 
10 
10 

< 

10 
01 



a 



Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 
765432107654321 



No. of Flags 

Bytes AC CY V P S Z 



Multiplication (cont) 



MUL (cont) reg16, 
reg16, 
imm16 



reg16*— reg16x imm16 
Product < 16 bits: CY *- 0, V — 
Product > 16 bits: CY -•— 1, V -•— 1 



110 10 111 



reg 



reg 



4 u x x u u u 



reg16, 

mem16, 

imm16 



reg16 «— (mem16) x imm16 
Product < 16 bits: CY *- 0, V <— 
Product > 16 bits: CY *- 1, V *- 1 



1 1 1 1 mod 



reg 



4-6 u x x u u u 



Unsigned Division 



DIVU 



temp •*— AW 

When temp + reg8 > FFH 

(SP - 1, SP - 2) — PSW, (SP - 3, SP - 4) *- 

(SP - 5, SP - 6) *- PC, SP «- SP - 6 

IE *- 0, BRK — 0, PS *- (3, 2), PC*— (1, 0) 

All other times 

AH.*— temp % reg'8, AL •*— temp -r- reg8 



11110 110 11110 reg 



PS 



2 u u u u u u 



mem8 



temp *— AW 

When temp h- (mem8) > FFH 

(SP - 1, SP - 2) *- PSW, (SP - 3, SP - 4) *- 

(SP - 5, SP - 6) *- PC, SP — SP - 6 

IE — 0, BRK — 0, PS — (3, 2), PC — (1, 0) 

All other times 

AH *— temp % (mem8), AL *— temp h- (mem8) 



11110 110 mod 1 1 mem 



PS 



2-4 u u u u u u 



reg16 



temp *— AW 

When temp -r- reg16 > FFFFH 

(SP -1.SP-2) *— PSW, (SP - 3, SP - 4) *- 

(SP - 5, SP - 6) *- PC, SP *- SP - 6 

IE *- 0, BRK *- 0, PS *- (3, 2), PC-*— (1, 0) 

All other times 

AH •*— temp % reg16, AL *— temp -e- reg16 



11110 11111110 reg 



PS 



2 u u u u u u 



mem16 



temp *— AW 

When temp -^ (mem16) > FFFFH 

(SP - 1, SP - 2) — PSW, (SP - 3, SP - 4) — PS 

(SP - 5, SP - 6) *- PC, SP — SP - 6 

IE *- 0, BRK — 0, PS *- (3, 2), PC — (1, 0) 

All other times 

AH •«— temp % (mem16), AL *— temp -f- (mem16) 



11110 111 mod 110 mem 



2-4 u u u u u u 



Instruction Set (cont) 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No. of Flags 

Bytes AC CY V P S Z 


Signed Division 



DIV 



temp*- AW 

When temp + reg8 > and temp -h reg8 > 7FH or 

temp 4- regfi < and temp -r reg8 < - 7FH - 1 

(SP - 1, SP - 2) — PSW, (SP - 3, SP - 4) *- PS 

(SP - 5, SP - 6) <— PC, SP *- SP - 6 

IE — 0, BRK *- 0, PS — (3, 2), PC <— (1, 0) 

All other times 

AH •«— temp % reg8, AL *— temp h- reg8 



11110 110 11111 



reg 



2 u u u u u u 



mem8 



temp <— AW 

When temp -h (mem8) > and (mem8) > 7FH or 

temp -r- (mem8) < and 

temp -T- (mem8) < - 7FH — 1 

(SP - 1, SP - 2) «- PSW, (SP - 3, SP — 4) — 

(SP - 5, SP - 6) <— PC, SP *- SP - 6 

IE <— 0, BRK <<- 0, PS *- (3, 2), PC — (1, 0) 

All other times 

AH *— temp % (mem8), AL *— temp -f- (mem8) 



1 1 1 1 1 1 mod 1 1 1 



PS 



2-4 u u u u u u 



reg 16 



temp«-DW,AW 

When temp ~ reg 16 > and reg 16 > 7FFFH or 

temp -H reg 16 < - 7FFFH — 1 

(SP - 1, SP — 2) *- PSW, (SP — 3, SP — 4) *- PS 

(SP - 5, SP - 6) «- PC, SP <- SP - 6 

IE <- 0, BRK *- 0, PS *- (3, 2), PC «— (1, 0) 

All other times 

AH *- temp % reg. 16, AL *— temp h- reg 16 



11110 11111111 



reg 



2 u u u u u u 



mem 16 



temp *- DW, AW 

When temp 4- (mem 16) > and (mem 16) > 7FFFH 

or temp '-r- (mem 16) < and temp -r- [mem 16] 

< - 7FFFH - 1 

(SP - 1, SP — 2) ) «- PSW, (SP -3, SP - 4) *- PS 

(SP - 5, SP - 6) «- PC, SP *- SP - 6 

IE — 0, BRK «- 0, PS — (3, 2), PC — (1, 0) 

All other times 

AH •«— temp % (mem 16), AL *- temp -f- (mem 16) 



1 1 1 1 1 1 1 mod 1 1 1 



2-4 u u u u u u 



n 



Instruction Set (cont) 



Mnemonic 


Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


10 7 6 5 4 3 2 





No. of 
Bytes AC 


Flags 
CY V P S Z 


Data Conversion 


CVTBD 




AH — AL + OAH, AL — AL % OAH 


110 10 1 


10 





2 u 


U U X X X 


CVTDB 




AH *- 0, AL — AH x OAH + AL 


110 10 1 


10 10 





2 u 


U U X X X 


CVTBW 




WhenAL<80H,AH — 0, 
ail other times AH <«- FFH 


10 110 







1 




CVTWL 




WhenAL<8000H,DW — 0, 
all other times DW *- FFFFH 


10 110 


1 




1 




Comparison 



CMP 



reg, reg 


reg - reg 


1 1 1 1 W 1 1 




reg 




reg 


2 


X 


X 


X X X X 


mem, reg 


(mem) - reg 


1 1 1 W mod 




reg 




mem 


2-4 


X 


X 


X X X X 


reg, mem 


reg - (mem) 


1 1 1 1 W mod 




reg 




mem 


2-4 


X 


X 


X X X X 


reg, imm 


reg - imm 


1 S W 1 1 


1 


1 


1 


reg 


3-4 


X 


X 


X X X X 


mem, imm 


(mem) - imm 


1 S W mod 


1 


1 


1 


mem 


3-6 


X 


X 


X X X X 



ace, imm 


When W = 0, AL - imm 
When W = 1, AW -imm 


1 


1 


1 1 W 




2-3 


X 


X X X X X 


Complement 


NOT reg 


reg «- reg 


1 1 1 


1 


1 1 W 1 1 1 


reg 


2 






mem 


(mem) *— (mem) 


1 1 1 


1 


1 1 W mod 1 


mem 


2-4 






NEG reg 


reg*- reg + 1 


1 1 1 


1 


1 1 W 1 1 1 1 


reg 


2 


X 


X X X X X 


mem 


(mem) ■*— (mem) + 1 


1 1 1 


1 


1 1 W mod 1 1 


mem 


2-4 


X 


X X X X X 


Logical Operation 



TEST 



reg, reg 



reg AND reg 



1 1 W 1 1 



reg 



reg 



x x x 



mem, reg 
or reg, mem 



(mem) AND reg 



1 1 W mod reg 



2-4 



x x x 



reg, imm 



reg AND imm 



1 1 1 1 1 1 W 1 1 reg 



3-4 



x x x 



mem, imm 



(mem) AND imm 



1 1 1 1 1 1 W mod 



3-6 



x x x 



ace, imm 



When W = 0, AL AND imm8 
When W = 1, AW AND imm8 



1 1 1 W 



2-3 



x x x 



AND 



reg, reg 



reg *- reg AND reg 



1 1 W 1 1 



reg 



reg 



x x x 



mem, reg 



(mem) *— (mem) AND reg 



1 W mod 



reg 



2-4 



x x x 



reg, mem 



reg •*— reg AND (mem) 



1 1 W mod reg 



2-4 



x x x 



reg, imm 



reg ■*— reg AND imm 



1000000W11100 



reg 



3-4 



x x x 



mem, imm 



(mem) +— (mem) AND imm 



1000000Wmod100 



3-6 



u 



x x x 



ace, imm 



When W = 0, AL — AL AND imm8 
When W = 1, AW — AW AND imm16 



1 1 W 



2-3 u x x x 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 

7 6 5 4 3 2 1 



7 6 5 4 3 2 10 



No. of Flags 

Bytes AC CY V P S Z 



Logical Operation (cont) 



OR 



reg, reg 


reg ■*— reg OR reg 














1 





1 


w 


1 1 


reg 


reg 


2 


u 








X 


X 


X 


mem, reg 


(mem) •«— (mem) OR reg 














1 








w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, mem 


reg *- reg OR (mem) 














1 





1 


w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, imm 


reg •*— reg OR imm 


1 




















w 


1 1 


1 


reg 


3-4 


u 








X 


X 


X 


mem, imm 


(mem) *— (mem) OR imm 


1 




















w 


mod 


1 


mem 


3-6 


u 








X 


X 


X 


ace, imm 


When W = 0, AL +- AL OR imm8 
When W = 1, AW «- AW OR imm16 














1 


1 





w 








2-3 


u 








X 


X 


X 


reg, reg 


reg •*— reg XOR reg 








1 


1 








1 


w 


1 1 


reg 


reg 


2 


u 








X 


X 


X 


mem, reg 


(mem) *- (mem) XOR reg 








1 


1 











w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, mem 


reg *— reg XOR (mem) 








1 


1 








1 


w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, imm 


reg •*— reg XOR imm 


1 




















w 


1 1 


1 1 


reg 


3-4 


u 








X 


X 


X 


mem, imm 


(mem) ■*— (mem) XOR imm 


1 




















w 


mod 


1 1 


mem 


3-6 


u 








X 


X 


X 



XOR 



When W = 0, AL < 
WhenW = 1,AW 



AL XOR imm8 
-AWXORimm16 



1 1 1 W 



2-3 



x x x 



Bit Operation 



2nd byte* 



3rd byte* 



TEST1 



reg8, CL 



reg8 bit no. CL = 0: Z *- 1 
reg8 bit no. CL = 1:Z«-0 



0001000011000 



reg 



mem16, imm4 



(mem16) bit no. imm4 = 0: Z ■*— 1 
(mem16) bit no. imm4 = 1: Z «— 



00011001 mod 000 mem 

2nd byte* 3rd byte* 

*Note: First byte = 0FH 



u u u x 



mem8, CL 


(mem8) bit no. CL = 0: Z ■*- 1 
(mem8)bitno. CL = 1:Z«-0 








1 














mod 











mem 


3-5 


u 





u u x 


reg16, CL 


reg16 bit no. CL = 0: Z *- 1 
reg16 bit no. CL = 1:Z«-0 








1 











1 


1 1 











reg 


3 


u 





u u x 


mem16, CL 


(mem16) bit no. CL = 0: Z «- 1 
(mem16) bit no. CL = 1:Z*-0 








1 











1 


mod 











mem 


3-5 


u 





u u x 


reg8, imm3 


reg8 bit no. imm3 = 0: Z •*— 1 
reg8 bit no. imm3 = 1: Z *— 








1 


1 











1 1 











reg 


4 


u 





u u x 


mem8, imm3 


(mem8) bit no. imm3 = 0: Z < — 1 
(mem8) bit no. imm3 = 1: Z ■*— O 








1 


1 











mod 











mem 


4-6 


u 





u u x 


reg16, imm4 


reg16 bit no. imm4 = 0: Z *- 1 
reg16 bit no. imm4 = 1: Z ■*— 








1 


1 








1 


1 1 











reg 


4 


u 





u u x 



4-6 u u u x 



1= 

D 
*4 
O 
CO 
10 

o 

6) 
10 
10 

< 

10 
01 



n 



Instruction Set (cont) 



TJ 
D 

*4 

o 
u 

10 

o 

>s 

CO 
10 
10 

< 

10 

Ul 



Mnemonic Operand 



Operation 



Operation Code 

7 6 5 4 3 2 



1076543210 



NO. of I 

Bytes AC CY 



V P S Z 



Bit Operation (cont) 



N0T1 



reg8, CL 



reg8 bit no. CL ■*—■ reg8 bit no. CL 



2nd byte* 
10 1 



10 11 



3rd byte* 
reg 



mem8, CL 


(mem8) bit no. CL *— (mem8) bit no. CL 


1 


1 1 





mod 





mem 


3-5 


reg16, CL 


reg16 bit no. CL •*— reg16 bit no. CL 


1 


1 1 


1 


1 1 





reg 


3 


mem16, CL 


(mem16) bit no. CL +- (mem16) bit no. CL 


1 


1 1 


1 


mod 





mem 


3-5 


reg8, imm3 


reg8 bit no. imm3 <— reg8 bit no. imm3 


1 


1 1 1 





1 1 





reg 


4 


mem8, imm3 


(mem8) bit no. imm3 *— (mem8) bit no. imm3 


1 


1 1 1 





mod 





mem 


4-6 


reg16, imm4 


reg16 bit no. imm4 -*— (reg16) bit no. imm4 


1 


1 1 1 


1 


1 1 





reg 


4 


mem16, imm4 


(mem16) bit no. imm4 ■«— (mem16) bit no. imm4 


1 1 1 1 1 

2nd byte* 
*Note: First byte = OFH 


mod 



3rd byte* 


mem 


4-6 



CY 



CY^CY 



11110 10 1 



CLR1 



reg8, CL 



reg8 bit no. CL <— 



2nd byte* 
1 



10 11 



3rd byte* 
reg 



mem8, CL 


(mem8) bit no. CL *- 





1 








1 





mod 











mem 


3-5 




reg16, CL 


reg16 bit no. CL *- o 


.00 


1 








1 


1 


1 1 











reg 


3 




mem16, CL 


(mem16) bit no. CL *- 





1 








1 


1 


mod 











mem 


3-5 




reg8, imm3 


reg8 bit no. imm3 *— 





1 


1 





1 





1 1 











reg 


4 




mem8, imm3 


(mem8) bit no. imm3 •*— 





1 


1 





1 





mod 











mem 


4-6 




reg16, imm4 


reg16 bit no. imm4 •«— 





1 


1 





1 


1 


1 1 











reg 


4 




mem16, imm4 


(mem16) bit no. imm4 ■«— 


110 

2nd byte* 
*Note: First byte = 


1 1 
= 0FH 


mod 



3rd byte* 


mem 


4-6 




CY 


CY«-0 


1 1 1 


1 


1 





















1 






DIR 



DIR«-0 



1111110 



8 



Instruction Set (cont) 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No. of Flags 

Bytes AC CY V P S Z 


Bit Operation (cont) 



SET1 



reg8, CL 


reg8 bit no. CL *- 1 











1 1 








1 1 











reg 


3 


mem8, CL 


(mem8) bit no. CL — 1 











1 1 








mod 











mem 


3-5 


reg16, CL 


reg16 bit no. CL — 1 











1 1 





1 


1 1 











reg 


3 


mem16, CL 


(mem16) bit no. CL «— 1 











1 1 





1 


mod 











mem 


3-5 


reg8, imm3 


reg8 bit no. imm3 +— 1 











1 1 1 








1 1 











reg 


4 


mem8, imm3 


(mem8) bit no. imm3 •*— 1 











1 1 1 








mod 











mem 


4-6 


reg16, imm4 


regie bit no. imm4 — 1 











1 1 1 





1 


1 1 











reg 


4 


mem16, imm4 


(mem16) bit no. imm4 •«— 1 




*r 



Mote 


111 

2nd byte* 
: First byte 


1 
= 0FH 


mod 



3rd byte* 


mem 


4-6 





CY 


CY — 1 


1111 


10 1 






1 




1 






DIR 


DIR — 1 


1111 


110 1 






1 








Shift 


SHL 


reg, 1 


CY — MSB of reg, reg — reg x 2 
When MSB of reg # CY, V — 1 
When MSB of reg = CY, V — 


110 1 


W 1 1 


1 


reg 


2 


u 


X 


X X X X 




mem, 1 


CY <— MSB of (mem), (mem) — (mem) x 2 
When MSB of (mem) # CY, V — 1 
When MSB of (mem) = CY, V — 


110 1 


W mod 


1 


mem 


2-4 


u 


X 


X X X X 




reg, CL 


temp — CL, while temp ^ 0, 

repeat this operation, CY ■*— MSB of reg, 

reg — reg x 2, temp — temp - 1 


110 1 


1 W 1 1 


1 


reg 


2 


u 


X 


U X X X 




mem, CL 


temp «— CL, while temp ^ 0, 

repeat this operation, CY *— MSB of (mem), 

(mem) ■*— (mem) x 2, temp — temp - 1 


110 1 


1 W mod 


1 


mem 


2-4 


u 


X 


U X X X 




reg, imm8 


temp «— imm8, while temp ^ 0, 

repeat this operation, CY •*— MSB of reg, 

reg <— reg x 2, temp <— temp - 1 


110 


W 1 1 


1 


reg 


3 


u 


X 


U X X X 




mem, imm8 


temp <— imm8, while temp # 0, 

repeat this operation, CY — MSB of (mem), 

(mem) ■*— (mem) x 2, temp ■«— temp - 1 


110 


W mod 


1 


mem 


3-5 


u 


X 


U X X X 


SHR 


reg, 1 


CY •*- LSB of reg, reg — reg h- 2 


110 1 


W 1 1 


1 1 


reg 


2 


u 


X 


X X X X 



When MSB of reg # bit following MSB 
of reg: V •*— 1 

When MSB of reg = bit following MSB 
of reg: V — 



H 



o> Instruction Set (cont) 



Mnemonic 



Shift (cont) 



SHR (cont) mem, 1 



SHRA reg, 1 



Operation 



Operation Code 

765432107 



5 4 3 2 10 



CY «- LSB of (mem), (mem) — (mem) -h 2 
When MSB of (mem) ¥= bit following MSB 
of (mem): V — 1 

When MSB of (mem) = bit following MSB 
of (mem): V *- 



1 1 1 W mod 1 1 mem 



mem, imm8 temp ■*— imm8, while temp ^0, 

repeat this operation, CY ■*— LSB of (mem), 
(mem) *— (mem) -f- 2, temp ■*— temp - 1 



1 1 W mod 1 1 mem 



CY -<- LSB of reg, reg •*- reg h- 2, V 
MSB of operand does not change 







1 1 1 W 1 1 1 1 1 reg 



mem, imm8 temp •*— imm8, while temp 5^0, 

repeat this operation, CY ■*— LSB of (mem), 
(mem) ■*— (mem) -f-" 2, temp *— temp - 1 
MSB of operand does not change 



1 1 W mod 1 1 1 mem 



No. of Flags 

Bytes AC CY V P S Z 



2-4 u x x x x x 



reg, CL 


temp ■*— CL, while temp ¥= 0, 

repeat this operation, CY ■*— LSB of reg, 

reg •«— reg -e- 2, temp -— temp - 1 


1 


1 1 1 W 1 1 


1 1 


reg 


2 


u 


X U X X X 


mem, CL 


temp *— CL, while temp # 0, 

repeat this operation, CY ■*— LSB of (mem), 

(mem) •*— (mem) -r- 2, temp •«— temp - 1 


1 


1 1 1 W mod 


1 1 


mem 


2-4 


u 


X U X X X 


reg, imm8 


temp •«— imm8, while temp # o, 
repeat this operation, CY •*— LSB of reg, 
reg *- reg -h 2, temp <— temp - 1 


1 


1 W 1 1 


1 1 


reg 


3 


u 


X U X X X 



o 
o 

0) 
10 

o 

6) 
K) 
10 

**> 
< 
10 

(II 



3-5 u x u x x x 



2 u x x x x 



mem, 1 


CY — LSB of (mem), (mem) «— (mem) h- 2, 
V •«— 0, MSB of operand does not change 


1 1 1 W mod 1 1 


1 mem 


2-4 


u 


x x x x 


reg, CL 


temp -— CL, while temp ^ 0, 
repeat this operation, CY ■«— LSB of reg, 
reg ♦— reg -r- 2, temp <— temp - 1 
MSB of operand does not change 


1101001W1111 


1 reg 


2 


u 


X U X X X 


mem, CL 


temp -— CL, while temp ¥- 0, 
repeat this operation, CY •«— LSB of (mem), 
(mem) <— (mem) -f- 2, temp «— temp - 1 
MSB of operand does not change 


1 1 1 1 W mod 1 1 


1 mem 


2-4 


u 


X U X X X 


reg, imm8 


temp •«— imm8, while temp ^ 0, 
repeat this operation, CY ■*— LSB of reg, 
reg ■*— reg -h 2, temp •«— temp - 1 
MSB of operand does not change 


1100000W1111 


1 reg 


3 


u 


X U X X X 



3-5 u x u x x x 



8 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 
7654321076543210 



No. of Flags 

Bytes AC CY V P S Z 



Rotation 



ROL 



reg, 1 



CY «- MSB of reg, reg *- reg x 2 + CY 
MSB of reg # CY: V *- 1 
MSB of reg = CY: V <— 



1 1 1 W 1 1 reg 



mem, 1 


CY «- MSB of (mem), 
(mem) «— (mem) x 2 + CY 
MSB of (mem) * CY: V — 1 
MSB of (mem) = CY: V «- rj 


1101000Wmod000 


mem 


2-4 


X X 


reg, CL 


temp «— CL, while temp ¥- 0, 

repeat this operation, CY *— MSB of reg, 

reg «- reg x 2 + CY 

temp <— temp - 1 


1101001W11000 


reg 


2 


X u 


mem, CL 


temp *— CL, while temp * 0, 

repeat this operation, CY +— MSB of (mem), 

(mem) +- (mem) x 2 + CY 

temp *— temp - 1 


1 1 1 1 W mod 


reg 


2-4 


X u 


reg, imm8 


temp *— imm8, while temp ¥= 0, 
repeat this operation, CY *- MSB of reg, 
reg <— reg x 2 + CY 
temp *— temp - 1 


11000 00W11000 


reg 


3 


X u 



mem, imm8 temp <— imm8, while temp #0, 

repeat this operation, CY — MSB of (mem) 
(mem) *— (mem) x 2 + CY 
temp *— temp - 1 



1100000Wmod000 mem 



3-5 



ROR 



reg, 1 



mem, 1 



CY "— LSB of reg, reg — reg h- 2 

MSB of reg *- CY 

MSB of reg ^ bit following MSB of reg: V «— 1 

MSB of reg = bit following MSB of reg: V <— 



1 1 1 W 1 1 1 reg 



CY — LSB of (mem), (mem) *- (mem) 4- 2 

MSB of (mem) «- CY 

MSB of (mem) # bit following MSB 

of (mem): V *— 1 

MSB of (mem) = bit following MSB 

of (mem): V <— 



1 1 1 W mod 1 mem 



reg, CL temp ■*— CL, while temp ^ 0, 

repeat this operation, CY -— LSB of reg, 
reg <- reg 4 2, MSB of reg <— CY 
temp -«— temp - 1 



1 1 1 1 W 1 1 1 reg 



mem, CL temp ■*— CL, while temp 5^0, 

repeat this operation, CY *— LSB of (mem), 
(mem) *- (mem) -h 2, MSB of (mem) — CY 
temp *— temp - 1 



1 1 1 1 W mod 1 mem 



2-4 



2-4 



"0 
D 
*J 

O 

w 

10 

o 
*s 

CO 
10 
10 

< 

10 

01 



n 



g Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 

7654321076543210 



NO. Of 



AC CY V P S Z 



Rotation (cont) 



ROR (cont) reg, imm8 



temp ■*— imm8, while temp =£ 0, 
repeat this operation, CY <— LSB of reg, 
reg ■*- reg -h 2, MSB of reg •*- CY 
temp ■*— temp - 1 



1100000W11001 reg 



mem, imm8 temp •«— imm8, while temp ¥= 0, 

repeat this operation, CY •*— LSB of (mem), 
(mem) <— (mem) -e- 2 
temp *— temp - 1 



1100000Wmod001 mem 



3-5 



Rotate 



ROLC 



reg, 1 



mem, 1 



reg, CL 



tmpcy «— CY, CY «- MSB of reg 
reg <— reg x 2 + tmpcy 
MSB of reg = CY: V «- 

MSB of reg * CY: V ««- 1 



1 1 1 W 1 1 1 reg 



tmpcy «- CY, CY «- MSB of (mem) 
(mem) •*— (mem) x 2 + tmpcy 
MSB of (mem) = CY: V *- 
MSB of (mem) * CY: V «- 1 



1 1 1 W mod 1 mem 



temp ■*— CL, while temp # 0, 
repeat this operation, tmpcy *— CY, 
CY •«— MSB of reg, reg ■*— reg x 2 + tmpcy 
temp <— temp - 1 



1 1 1 1 W 1 1 1 reg 



mem, CL temp •«— CL, while temp ^ 0, 

repeat this operation, tmpcy •*— CY, 
CY ^- MSB of (mem), 
(mem) •*— (mem) x 2 + tmpcy 
temp*- temp -1 



1 1 1 1 W mod 1 mem 



reg, imm8 temp -— imm8, while temp ^ 0, 

repeat this operation, tmpcy •*— CY, 

CY ■*— MSB of reg, reg •*— reg x 2 + tmpcy 

temp ■*— temp - 1 



1100000W11010 reg 



mem, imm8 temp -— imm8, while temp ¥= 0, 

repeat this operation, tmpcy *— CY, 
CY <- MSB of (mem) 
(mem) •*— (mem) x 2 + tmpcy 
temp ■*— temp - 1 



1100000Wmod010 mem 



2-4 



2-4 



3-5 



Instruction Set (cont) 






Mnemonic Operand 



Operation 



Operation Code 
7654321076543210 



No. of Flags 

Bytes AC CY V P S Z 



Rotate (cont) 



RORC 



reg, 1 



tmpcy <— CY, CY -*- LSB of reg 

reg •«— reg -=- 2, MSB of reg *— tmpcy 

MSB of reg ¥= bit following MSB of reg: V «- 1 

MSB of reg = bit following MSB of reg: V +- 



1 1 1 W 1 1 1 1 reg 



mem, 1 



tmpcy — CY, CY <— LSB of (mem) 
(mem) *— (mem) -h 2, MSB of (mem) 
MSB of (mem) # bit following MSB 
of (mem): V «— 1 

MSB of (mem) = bit following MSB 
of (mem): V*— 



1 1 1 W mod 1 1 mem 



tmpcy 



mem, imm8 temp •«— imm8, while temp ^ 0, 

repeat this operation, tmpcy -— CY, 

CY — LSB of (mem), (mem) «- (mem) -f- 2 

MSB of (mem) •*— tmpcy, temp ■*— temp - 1 



1 1 W mod 1 1 mem 



2-4 x x 



reg, CL 


temp ■*— CL, while temp ¥= 0, 
repeat this operation, tmpcy ■*— CY, 
CY <— LSB of reg, reg — reg -f- 2, 
MSB of reg *— tmpcy, temp «— temp - 1 


1101001W11011 


reg 


2 


x u 


mem, CL 


temp *— CL, while temp ^ 0, 

repeat this operation, tmpcy -*— CY, 

CY — LSB of (mem), (mem) -<— (mem) -h 2 

MSB of (mem) ■*— tmpcy, temp ■*— temp - 1 


1 1 1 1 W mod 1 1 


mem 


2-4 


X u 


reg, imm8 


temp <— imm8, while temp #0 
repeat this operation, tmpcy •«— CY, 
CY *- LSB of reg, reg •*- reg h- 2 
MSB of reg «— tmpcy, temp •«— temp - 1 


1100000W11011 


reg 


3 


X u 



3-5 



Subroutine Control Transfer 



TI 
O 
*4 
O 
6) 
10 
O 

6) 
10 
10 

< 

10 

en 



CALL 



near-proc 


(SP - 1, SP - 2) — PC, SP ♦- SP - 2 
PC — PC + disp 




1110 10 






3 


regptr16 


(SP - 1, SP - 2) «- PC, SP <— SP - 2 
PC <— regptr16 




11111111110 





reg 


2 


memptr16 


(SP - 1, SP - 2) «- PC, SP — SP - 2 
PC *— (memptr16) 




11111111 mod 





mem 


2-4 


far-proc 


(SP - 1, SP - 2) *- PS, (SP - 3, SP - 4) «- 
SP •«- SP - 4, PS -<- seg, PC «- offset 


PC 


10 110 10 






5 



memptr32 (SP - 1 , SP - 2) — PS, (SP - 3, SP - 4) — PC 

SP *- SP - 4, PS «- (memptr32 + 2), 
PC "— (memptr32) 



1 1 1 1 1 1 1 1 mod 1 1 mem 



2-4 



n 



Mnemonic 



Operand 



Operation 



Operation Code 
7 6 5 4 3 2 



1076543210 



No. of Flags 

Bytes AC CY V P S Z 



Ti- 
ll 
O 
^ 
O 
CO 
10 

o 

CO 
10 
10 

< 

10 

01 



Subroutine Control Transfer (cont) 



RET 





PC«-(SP + 1,SP),SP*-SP + 2. 


110 11 


1 


pop-value 


PC«-(SP + 1,SP) 

SP «— SP + 2, SP •«- SP + pop-value 


110 10 


3 




PC <— (SP + 1, SP ), PS «- (SP + 3, SP + 2) 
SP«-SP + 4 


110 10 11 


1 



pop-value 



PC — (SP + 1, SP), PS *- (SP + 3, SP + 2) 
SP *- SP + 4, SP *- SP + pop-value 



110 10 10 



Stack Manipulation 



PUSH 



mem16 



(SP - 1, SP - 2) «- (mem16), SP — SP - 2 



1 1 1 1 1 1 1 1 mod 1 1 mem 



reg16 



(SP - 1, SP - 2) — reg16, SP +- SP - 2 



10 10 reg 



sreg 



(SP- 1, SP- 2) — sreg, SP — SP - 2 



sreg 1 1 



PSW 



(SP - 1, SP - 2) «- PSW, SP — SP - 2 



10 1110 



Push registers on the stack 



1 10 



(SP-1.SP-2) — imm 

SP — SP - 2, When S = 1, sign extension 



1 1 1 S 



2-4 



2-3 



POP 



BR 



mem16 



(mem16) «- (SP + 1, SP), SP *- SP + 2 



1 1 1 1 1 mod 



reg16 



reg16 «- (SP + 1, SP), SP +- SP + 2 



10 11 



reg 



sreg 



sreg — (SP + 1, SP) sreg : SS, DS0, DS1 
SP«-SP + 2 



sreg 1 1 1 



PSW 



PSW 



■(SP + 1,SP),SP««-SP + 2 



10 1110 1 



Pop registers from the stack 



110 1 



memptr32 



PS •*- (memptr32 + 2), PC •*- (memptr32) 



1 1 1 1 1 1 1 1 mod 1 1 



2-4 



R R R R R R 



PREPARE 


imm16, imm8 


Prepare new stack frame 


110 10 


4 


DISPOSE 




Dispose of stack frame 


110 10 1 


1 


Branch 



near-label 


PC — PC + disp 


1 1 


1 


1 






3 


short-label 


PC <— PC + ext-disp8 


1 1 


1 


1 1 






2 


regptr16 


PC <- regptr16 


1 1 


1 1 


11111 


1 


reg 


2 


memptr16 


PC <*- (memptr16) 


1 1 


1 1 


1 1 1 mod 


1 


mem 


2-4 


far-label 


PS •«- seg, PC ♦- offset 


1 1 


1 


1 






5 



2-4 



§ 

c 



Instruction Set (cont) 



Mnemonic 


Operand 


Operation 


Operation Code 
7 6 5 4 3 


2 


1 


7 6 5 4 3 2 


1 


No. of 
Bytes AC 


Flags 
CY V P S Z 


Conditional Branch 


BV 


short-label 


if V = 1, PC — PC + ext-disp8 





1 




1 
















2 




BNV 


short-label 


it V = 0, PC — PC + ext-disp8 





1 




1 











1 




2 




BC, BL 


short-label 


if CY = 1, PC -•— PC + ext-disp8 





1 




1 








1 







2 




BNC, BNL 


short-label 


if CY = 0, PC «— PC + ext-disp8 





1 




1 








1 


1 




2 




BE, BZ 


short-label 


ifZ = 1,PC — PC + ext-disp8 





1 




1 





1 










2 




BNE, BNZ 


short-label 


if Z = 0, PC ♦— PC + ext-disp8 





1 




1 





1 





1 




2 




BNH 


short-label 


if CY OR Z = 1, PC — PC + ext-disp8 





1 




1 





1 


1 







2 




BH 


short-label 


if CY OR Z = 0, PC — PC + ext-disp8 





1 




1 





1 


1 


1 




2 




BN 


short-label 


ifS = 1,PC — PC + ext-disp8 





1 




1 


1 













2 




BP 


short-label 


if S = 0, PC — PC + ext-disp8 





1 




1 


1 








1 




2 




BPE 


short-label 


if P = 1,PC — PC + ext-disp8 





1 




1 


1 





1 







2 




BPO 


short-label 


if.P = 0, PC <- PC + ext-disp8 





1 




1 


1 





1 


1 




2 




BLT 


short-label 


if S XOR V = 1, PC — PC + ext-disp8 





1 




1 


1 


1 










2 




BGE 


short-label 


if S XOR V = 0, PC — PC + ext-disp8 





1 




1 


1 


1 





1 




2 




BLE 


short-label 


if (S XOR V) OR Z = 1, PC — PC + ext-disp8 





1 




1 


1 


1 


1 







2 




BGT 


short-label 


if (S XOR V) OR Z = 0, PC *- PC + ext-disp8 





1 




1 


1 


1 


1 


1 




2 




DBNZNE 


short-label 


CW *- CW - 1 

if Z = and CW * 0, PC *- PC + ext-disp8 


1 


1 





















2 




DBNZE 


short-label 


CW — CW-1 

if Z = 1 and CW * 0, PC — PC + ext-disp8 


1 


1 
















1 




2 




DBNZ 


short-label 


CW — CW-1 

if CW ¥= 0, PC — PC + ext-disp8 


1 


1 













1 







2 




BCWZ 


short-label 


if CW = 0, PC — PC + ext-disp8 


1 


1 













1 


1 




2 




BTCLR 


sfr. imm3, 
short-label 


if bit no. iram3 of (sfr) = 1, 
PC — PC + ext — disp8, 
bit no. imm3 of (sfr) — 














1 


1 


1 


1100111 





5 




Interrupt 



BRK 



imm8 
(*3) 



(SP - 1 , SP - 2) — PSW, (SP - 3, SP - 4) 
(SP - 5, SP - 6) — PC, SP — SP - 6 
IE — 0, BRK — 
PS — (15, 14), PC — (13, 12) 



PS, 110 110 



(SP - 1, SP - 2) — PSW, (SP - 3, SP - 4) 

(SP - 5, SP - 6) — PC, SP — SP - 6 

IE — 0, BRK — 

PC — (nx4, + 1,nx4) 

PS — (n x 4 + 3, n x 4 + 2) n = imm8 



PS. 



110 110 1 



8 



T5 

o 
o 

10 

o 

G) 
JO 

to 

< 
10 
01 



n 



Instruction Sot (cont) 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No. of Flags 

Bytes AC CY V P S Z 


Interrupt (cont) 



BRKV 



CHKIND 



When V = 1 

(SP t 1, SP - 2) — PSW, (SP - 3, SP - 4) 

(SP - 5, SP - 6) +- PC, SP — SP - 6 

IE — O.BRK — 

PS — (19, 18), '-'PC —{17, 16) 



110 1110 



PS, 



RETI 


PC — (SP+ 1, SP), PS — (SP + 3, SP + 2), 
PSW — (SP + 5, SP + 4), SP — SP + 6 


110 1111 


1 


R 


R R R R R 


RETRBI 


PC — Save PC, PSW — Save PSW 


00111110010001 


2 


R 


R R R R R 


FINT 


Indicates that interrupt service routine to the 
interrupt controller built in the CPU has been 
completed 


111110 10 10 


2 







reg16, When (mem32) > reg16 or (mem32 + 2) < reg16 

mem32 (SP - 1 , SP - 2) — PSW, (SP - 3, SP - 4) — PS, 

(SP - 5, SP - 6) «- PC, SP — SP - 6 

IE — 0, BRK— 0, 

PS <— (23, 22), PC — (21, 20) 



1 1 1 mod reg 



mem 



2-4 



Notes: 

(1) Does not execute on the V25, but does generate an interrupt. 



H 
O 
-J 

O 

o 

V 

U 

ro 

< 
ro 
oi 



CPU Control 


HALT 




CPU Halt 


1 


1 


1 


1 





1 
















1 


STOP 




CPU Halt 














1 


1 


1 


1 


1 




111 10 




1 


BUSLOCK 




Bus Lock Prefix 


1 


1 


1 


1 






















1 


FP01 (Note 1) fp-op 


No Operation 


1 


1 





1 


1 


X 


X 


X 


1 1 


Y 


Y Y Z Z Z 


2 






fp-op, mem 


data bus — (mem) 


1 


1 





1 


1 


X 


X 


X 


mod 


Y 


Y Y mem 


2-4 




FP02 (Note 1) 


fp-op 


No Operation 





1 


1 








1 


1 


X 


1 1 


Y 


Y Y Z Z Z 


2 






fp-op, mem 


data bus— (mem) 





1 


1 








1 


1 


X 


mod 


Y 


Y Y mem 


2-4 




POLL 




Poll and wait 


1 








1 


1 





1 


1 












NOP 




No Operation 


1 








1 
























Dl 




IE — 


1 


1 


1 


1 


1 





1 















El 




IE.-* — 


1 


1 


1 


1 


1 





1 


1 












DSO; DS1; 
PS; SS 




Segment override prefix 








1 


sreg 


1 


1 
















8 



Instruction Set (cont) 



Mnemonic 


Operand Operation 


Operation Code 
7 6 5 4 3 2 


10 7 6 5 4 3 2 10 


No. of Flags 

Bytes AC CY V P S Z 


Register Bank Switching 


MOVSPA 




11 


110 10 10 1 


2 


BRKCS 


reg16 


11 


110 10 110 1 


3 


MOVSPB 


reg16 


11 
11111 


1110 10 10 1 
reg 


3 


TSKSW 


reg16 


11 

11111 


1110 10 10 
reg 


3 x x x x x x 
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NEC Electronics Inc. 



//PD70330/70332 (V35) 

16-Bit Microcomputers: 

Advanced, Single-Chip, CMOS 



Description 

The //PD70330/70332 (V35™) is a high-performance, 
16-bit single-chip microcomputer with a 16-bit external 
data bus. The /L/PD70330/70332 is fully software com- 
patible with juPD8086/8088 and /yPD70108/70116 
(V20®/30®) instruction set. 

The //PD70330 is a ROMIess part. The //PD70332 has 
16K ROM, while the //PD70P322 has 16K EPROM and 
can be used as a /yPD70330 (V35) or a /uPD70320 
(V25™). 

Features 

□ Functionally compatible with ,uPD70320/322 (V25) 
D Internal 16-bit architecture and external 16-bit 

data bus 

□ Software compatible with //PD8086/8088, 
juPD701 08/701 16 (V20/30) in the native mode 

□ New and enhanced instructions 

□ Six-byte prefetch queue 

□ Minimum instruction cycle: 500 ns at 8 MHz 

□ Internal memory 

— ROM: 16K bytes (//PD70332 only) 

— RAM: 256 bytes 

□ Memory space: 1 M bytes 

□ Input port with comparator (port T): eight bits 

□ Bus interface optimized for use with dynamic 
RAMs 

— Multiplexed address 

— On-board refresh controller 

V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 



□ 24 parallel I/O lines 

D Serial interface: two channels 

— Dedicated baud rate generator 

— Asynchronous mode, I/O interface mode 

□ Interrupt controller 

— Programmable priority (eight levels) 

— Three interrupt service functions 

— Vectored interrupt, register bank switching, 
macro service 

□ DRAM, pseudo SRAM refresh function 

□ Two DMA channels 

□ Two 16-bit timers 

□ One 20-bit time base counter 

□ Clock generator 

□ Programmable wait function 

□ Low power modes 

— HALT 

— STOP 

□ 1.2-micron CMOS 



Ordering Information 




Part Number 


Clock (MHz) 


Package 


Internal ROM 


//PD70330L-8 


8 


84-pin PLCC 


ROMIess 


GJ-8 


8 


94-pin plastic QFP 




//PD70332L-8-XXX 


8 


84-pin PLCC 


16K mask ROM 


GJ-8-xxx 


8 


94-pin plastic QFP 




A/PD70P322KE-8 


8 


84-pin LCC 


16K EPROM 
(UV erasable) 



50006-2 (NECEL-870) 
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Pin Configuration 

84-Pln PLCC and 84-Pin LCC 



|P |g |CD 


g 


ti 




<o u) ■* n cm f- o s Si !: ft 


LL 


co Q Q I 




£S *.££££ SliSilSS'l 


LU 

a. 


UJ Q cm t- Z u- ,, 

ec > x- 5 > £2.. 






nnnnnnnnnnnnnnnnnnnnn 








/' i-oo>coi^<Din'tncMT-3mcMj-oc»oof;gu) 




P0 7 /CLKOUT C 


12 q 74 D PT7 




D C 


13 73 


3 PT6 




D1 c 


.14 72 


D PT5 




D 2 C 


15 71 3 PT4 




D 3 C 


16 70 3 PT3 




D 4 C 


17 69 


3 PT2 




D 5 C 


18 68 


H PT1 




D 6 C 


19 67 3 PTO 




D7C 


20 66 3 PI7/READY 




D 8 C 


21 65 


3 Pl 6 /SCKO 




DgC 


22 64 3 PI5/TOUT 




D10C 


23 63 3 P1 4 /INT/POLL 




D11 l= 


24 62 


3 PI3/INTP2/INTAK 




D 12 C 


25 61 


3 P1 2 /INTP1 




D13C 


26 60 3 P^/INTPO 




D14C 


27 59 3 Plo/NMI 




D15C 


28 58 


3 P2 7 /HLDRQ 




A C 


29 57 3 P2 6 /HLDAK 




A9/A1 C 


30 56 3 P2 5 /TC1 




A 10 /A 2 C 


31 55 


3 P2 4 /DMAAK1 




A11/A3C 


32 54 


3 P2 3 /DMARQ1 
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"■ ^ "■ *•■ "■ < < Q 
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* Connect pin 9 to GND through a 5-kil to 1 0-kil resistor. 






83YL-6633B 



NEC 



A/PD70330/332 (V35) 



Pin Configuration (cont) 
94-Pin Plastic QFP 



A 12 /A 4 C 1 
NCC 2 



A 13 /A 5 C 
A 14 /A 6 C 
A15/A7 C 
A 16 /A 8 C 

A 17 /A 18 C 

A19C 

A 18 /UBEC 

RxDOC 

GNDC 

CTSOC 

TxDOC 

RxD1 C 

CTS1 C 

TxD1 C 

P2q /DMARQO C 

ICE 

VDDC 

VPP C 

P2i /DMAAKO C 

NCC 

P22/TC0 C 



co O 
< 2 



in ■* co cm t- o 



I^IOW^COCMt-OoO 
-QQQQQQ — - - 



Q 
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CM JN 






O 1 If? 

3||l|lll| 
^is: - ~i£ 



b 3 iq < 

2 m to -- 

~ a. S. J> 



a. a. a. a. a. 



* Connect pin 69 to GND through a 5-kQ to 10-kfl resistor. 



DP0 5 
3NC 

3 * 
3 P0 4 
3P0 3 
DP0 2 

UPt^ 

3f0 

DEA 

3 MREQ 

3 IOSTB 

3MSTB 

J R/W 

3 REFRQ 

3 RESET 

="V DD 

=> V DD 
3X2 

3X1 

3 GND 

3 GND 

DNC 

3NC 

3V| N 
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Pin Identification 



Symbol 


Function 


A19-A0 


Address bus outputs 


CLKOUT 


System clock output 


cTso 


Clear-to-send input, serial channel 


CTST 


Clear-to-send input, serial channel 1 


D15-D0 


Bidirectional data bus 


DMAAKO 


DMA acknowledge output, DMA controller 
channel 


DMAAK1 


DMA acknowledge output, DMA 
controller channel 1 


DMARQO 


DMA request input, DMA controller 
channel 


DMARQ1 


DMA request input, DMA controller 
channel 1 


EA 


External access; clamped low or high 
according to program access requirements 


HLDAK 


Hold acknowledge output 


HLDRQ 


Hold request input 


INT 


Interrupt request input 


INTAK 


Interrupt acknowledge output 


INTPO 


Interrupt request input 


TnTpT 


Interrupt request 1 input 


INTP2 


Interrupt request 2 input 


IOSTB 


I/O read or write strobe output 


MREQ 


Memory request output 


MSTB 


Memory strobe output 


NMI 


Nonmaskable interrupt request 


POLL 


Input on POLL synchronizes the CPU and 
external devices 


PO7-PO0 


I/O port 


P17-P10 


I/O port 1 


P2 7 -P2 


I/O port 2 


PT0-PT7 


Comparator port input lines 


READY 


- Ready signal input controls insertion of 
wait states 


REFRQ 


DRAM refresh request output 


RESET 


Reset signal input 


R/W 


Read/write strobe output 


RxDO 


Receive data input, serial channel 



Symbol 


Function 


RxD1 


Receive data input, serial channel 1 


SCKO 


Serial clock output 


TCO 


Terminal count output; DMA completion, 
channel 


TCI 


Terminal count output; DMA completion, 
channel 1 


TOUT 


Timer output 


TxDO 


Transmit data output, serial channel 


TxD1 


Transmit data output, serial channel 1 


UBE 


Upper byte enable 


X1.X2 


Connections to external frequency control 
source (crystal, ceramic resonator, or clock) 


Vdd 


+5-volt power source input (two pins) 


Vth 


Threshold voltage input to comparator 
circuits 


GND 


Ground reference (two pins) 


IC 


Internal connection; must be tied to Vdd 
externally through a pullup resistor 
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Pin Functions 

A19-A0; Address Bus 

To support dynamic RA Ms, the 2 0-bit address is multi- 
plexed on 1 1 lines . When MR EQ is asserted, A 17 -A 9 are 
valid. When MSTB or IOSTB are assert ed, A 8 -A-| and A 18 
are v alid. A-| 8 is also multiplexed with UBE and is valid 
when MREQ is asserted. Therefore Ais isactive throughout 
the bus cycle. A-| 9 and A are not multiplexed but have 
dedicated pins and are valid throughout the bus cycle. 

CLKOUT; Clock Out 

The system clock (CLK) is distributed from the internal 
clock generator to the CPU and output to peripheral 
hardware at the CLKOUT pin. 



CTSO; Clear-to-Send 

This is the CTS pin of the channel serial interf ace. In 
asynchronous mode, a low-level input on CTSO 
enable s transmit operation. In I/O interface mode, 
CTSO is the receive clock pin. 



CTS1; Clear-to-Send 1 

This is the CTS pin of the channel 1 serial interf ace. In 
asynchronous mode, a low-level input on CTS1 
enables transmit operation. 

D15-D0; Data Bus 

D15-D0 is the 16-bit data bus. 



DMAAKO and DMAAK1; DMA Acknowledge 

These are the DMA acknowledge outputs of the DMA 
controller, channels and 1. Signals are not output 
during DMA memory-to-memory transfer operations 
(burst mode, single-step mode). 

DMARQO and DMARQ1; DMA Request 

These are the DMA request inputs of the DMA con- 
troller, channels and 1. 



EA; External Access 

For the ROM-less yuPD70330, connect^ this pin to 
ground. For the /yPD70332, connect EAto ground if 
program code is in external memory; connect EA to +5 
volts if program code is in the internal ROM. 



HLDAK; Hold Acknowledge 



The HLDAK output signal indicates that the ho ld 
request (HLDRQ) has been accepted. When HLDAK is 
active (low), the following lines go to the high-imped- 
ance state wit h internal 4700-ohm pu l lup resis tors: 
A^Aq, D7-D0, IOSTB, MREQ, MSTB, REFRQ, and 
R/W. 

HLDRQ; Hold Request 

The HLDRQ input from an external device requests 
that the A/PD70330/332 relinquish the address, data, 
and control buses to an external bus master. 

INT; Interrupt 

The INT input is a vectored interrupt request from an 
external device that can be masked by software. The 
active high level is detected in the last clock cycle of an 
instruction. The external device confirms that the INT 
interrupt request has been accepted by the INTAK 
signal output from the CPU. 

The INT signal must be held hi gh unti l the first INTAK 
signal is output. Together with INTAK, INT is used for 
operation with an interrupt controller such as 
/^PD71059. 



INTAK; Interrupt Acknowledge 



The INTAK output is the acknowledge signal for the 
software-maskable interrupt request INT. The INTAK 
signal goes low when the CPU accepts INT. The 
external device inputs the interrupt vector to the C PU 
via data bus D7-D0 in synchronization with INTAK. 
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INTPO, INTP1, INTP2; Interrupt from 
Peripheral 0, 1, 2 



The INTPn inputs (n = 0, 1, 2) are external in terrup t 
requests that can be masked by software. The INTPn 
input is detected at the effective edge specified by 
external interrupt mode register INTM. 



The INTPn input is also used to release the HALT 
mode. 



IOSTB; I/O Strobe 



A low-level output on IOSTB indicatesthatthel/Obus 
cycle has been initiated and that the I/O address output 
on A-| 5 -Ao is valid. 



MREQ; Memory Request 



A low-level output on MREQ indicates that the memory 
or I/O bus cycle has started and that address bits Aq, 
A17-A9, A19 and A-ie are valid. 



MSTB; Memory Strobe 



Together with MREQ a nd R/W , MSTB controls memory 
accessing operations. MSTB should be used either to 
enable data buffers or as a d ata stro be. During memory 
write, a low-level output on MSTB indicates th at data 
on the data bus is valid. A low-level output on MSTB 
indi cates that multiplexed address bits As-A-i, A-is, 
and UBE are valid. 

NMI; Nonmaskable Interrupt 

The NMI input is an interrupt request that cannot be 
masked by software. The NMI is always accepted by 
the CPU; therefore, it has priority over any other 
interrupt. 

The NMI input is detected at the effective edge speci- 
fied by external interrupt mode register INTM. Sampled 
in each clock cycle, NMI is accepted when the active 
level lasts for some clock cycles. When the NMI is 
accepted, a number 2 vector interrupt is generated 
after completion of the instruction currently being 
executed. 

The NMI input is also used to release the CPU standby 
mode. 

PO7-PO0; PortO 

Port is an 8-bit bidirectional I/O port. 



PI7-PI0; Portl 

Lines PI7-PI4 are individually programmable as an 
input, output, or control function. The status of PI3- 
P1o can be read but these lines are always control 
functions. 

P2 7 -P2 ; Port 2 

P27-P20 are the lines of port 2, an 8-bit bidirectional 
I/O port. These lines can also be used as control 
signals for the on-chip DMA controllers. See table 2-3. 



POLL; Poll 



The POLL input is checked by the POLL instruction. If 
the level is low, execution of the ne xt instruction is 
initiated. If the level is high, the POLL input is checked 
every five clock cycles until the level becomes low. 

The POLL functions are used to synchronize the CPU 
program and the operation of external devices. 



Note: POLL is effective when P1 4 is spe cified for the 
input port mode; otherwise, POLL is assumed to 
be at low level when the POLL instruction is 
executed. 

PT0-PT7; Port with Comparator 

The PT input is compared with a threshold voltage that 
is programmable to one of 16 voltage steps individually 
for each of the eight lines. 

READY 

After READY is de-asserted low, the GPU will synchro- 
nize and insert at least two wait states into a read or 
write cycle to memory or I/O. This allows the processor 
to accommodate devices whose access times are 
longer than normal execution allows. 



REFRQ; Refresh Request 

This output pulse can refresh nonstatic RAM. It can be 
programmed to meet system specifications and is 
internally synchronized so that refresh cycles do not 
interfere with normal CPU operation. 



RESET 



This input signal is asynchronous. A low on RESET for 
a certain duration resets the CPU and all on-chip 
peripherals regardless of clock operation. The reset 
operation has priority over all other operations. 

The reset signal is used for normal initialization/startup 
and also for releasing the STOP or HALT mode. After 
the reset signal returns high, program execution 
begins from address FFFFOH. 
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R/W; Read/Write Strobe 

When the memory bus cycle is initiated, the R/W signal 
output to external hardware indicates a read (high 
level) or write (low level) cycle. It can also control the 
direction of bidirectional buffers. 

RxDO, RxD1; Receive Data 0, 1 

These pins input data from serial channels and 1. 

In the asynchronous mode, when receive operation is 
enabled, a low level on the RxDO or RxD1 input pin is 
recognized as the start bit and receive operation is 
initiated. 

In the I/O interface mode (channel only), receive data 
is input to the serial register at the rising edge of the 
receive clock. 



SCKO; Serial Clock 



The SCKO output is the transmit clock of serial 
channel 0. 



TCO, TC1; Terminal Count 0, 1 

The TCO and TC1 outputs go low when the terminal 
count of DMA service channels and 1, respectively, 
reach zero, indicating DMA completion. 

TOUT; Timer Output 

The TOUT signal is a square-wave output from the 
internal timer. 

TxDO, TxD1; Transmit Data 0, 1 

These pins output data from serial channels and 1. 

In the asynchronous mode, the transmit signal is in a 
frame format that consists of a start bit, 7 or 8 data bits 
(least significant bit first), parity bit, and stop bit. The 
TxDO and TxD1 pins become mark state (high level) 
when transmit operation is disabled or when the serial 
register has no transmit data. 

In the I/O interface mode (channel only), the frame 
has 8 data bits and the most significant bit is transmit- 
ted first. 



X1, X2; Clock Control 

The frequency of the internal clock generator is con- 
trolled by an external crystal or ceramic resonator 
connected across pins X1 and X2. The crystal fre- 
quency is the same as the clock generator frequency 
fx- By programming the PRC register, the system clock 
frequency fci_K is selected as fx divided by 2, 4, or 8. 

As an alternative to the crystal or ceramic resonator, 
the positive and negative phases of an external clock 
(with frequency fx) can be connected to pins X1 
and X2. 

Vdd 

+5-volt power source (two pins). 

Vth 

Comparator port PT0-PT7 uses threshold voltage Vjh 
to determine the analog reference points. The actual 
threshold to each comparator line is programmable to 
Vjh * n/16 where n = 1 to 16. 

GND 

Ground reference (two pins). 

IC 

Internal connection; must be tied to Vdd externally 
through a 10-kQ to 20-kQ resistor. 



UBE, Upper Byte Enable 



UBE is a hig h-order memory bank selection signal 
output. UBE and A are u sed t o decide which bytes of 
the data bus will be used. UBE is used along with Ao to 
select the even/odd banks as follows. 



Operand 


UBE 


Ao 


Number of bus cycles 


Even address word 








1 


Odd address word 





1 


2 




1 







Even address byte 


1 





1 


Odd address byte 





1 


1 
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Block Diagram 



P^/TCI 

TxDO 

RxDO 

P1 6 / SCKO 

CTSO 

TxD1 

RxDl 

CTS1 

P1 p / NW 

Pi! /INTPO 

P12/ INTP1 

PI3 / INTP2 

/ INTAK 

[ /INT 

/POLL 




Ao 

A,-A, 6 /As 
*18 

A19 

A18 / U BE 

RESET 

HLDAK/P2 2 

HLDRQ/P2 7 

READY /P1 7 

MREQ 

MSTB 

R/W 

IOSTB 

POLL/ INT /PI4 



TOUT/PI5 



REFRQ CLKOUT/P0 7 PO P1 P2 



Functional Description 

Architectural Enhancements 

The following features enable the //PD70330/332 to 
perform high-speed execution of instructions: 

• Dual data bus 

• 16-/32-bit temporary registers/shifters (TA, TB, 
TA + TB) 

• 16-bit loop counter (LC) 

• Program counter (PC) and prefetch pointer (PFP) 

• Internal ROM pass bus (//PD70332 only) 

Dual Data Bus. The //PD70330/332 has two internal 
16-bit data buses: the main data bus and a subdata bus. 
This reduces the processing time required for addition/ 
subtraction and logical comparison instructions by 
one-third over single-bus systems. The dual data bus 
method allows two operands to be fetched simulta- 
neously from the general-purpose registers and 
transferred to the ALU. 

16-/32-Bit Temporary Registers/Shifters. The 16-bit 
temporary registers/shifters (TA, TB) allow high-speed 
execution of multiplication/division and shift/rotation 
instructions. By using the temporary registers/shifters, 



theyuPD70330/332 can execute multiplication/division 
instructions about four times faster than with the 
microprogramming method. 

Loop Counter [LC]. The dedicated hardware loop counter 
counts the number of loops for string operations and 
the number of shifts performed for multiple bit shift/ 
rotation instructions. The loop counter works with 
internal dedicated shifters to speed the processing of 
multiplication/division instructions. 

Program Counter and Prefetch Pointer [PC and PFP]. 

The hardware PC addresses the memory location of 
the instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
next. Several clocks are saved for branch, call, return, 
and break instructions compared with processors 
having only one instruction pointer. 

Internal ROM Pass Bus. The //PD70332 features a 
dedicated data bus between the internal ROM and the 
instruction pre-fetch queue. This allows internal ROM 
opcode fetches to be performed in a single clock cycle 
(200 ns at 5 MHz); it also makes it possible for opcode 
fetches to be performed while the external data bus is 
busy. This feature gives the V35 a 10-20% performance 
increase when executing from the internal ROM. 
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Register Set 

The //PD70330/70332 CPUs have general purpose 
register sets compatible with the //PD701 08/701 1 6 and 
the juPD70320/70322 microprocessors. Like the 
/UPD70320/70322, they also have a set of special function 
registers for controlling the onboard peripherals. All 
registers reside in the CPU's memory space. They are 
grouped in a 4K byte block called the internal data area 
(I DA). The 256 byte internal RAM is also in the I DA. The 
addresses of the register are given as offsets into the 
IDA. The start address of the IDA is set by the Internal 
Data Area Base register (IDB), and may be programmed 
to any 4K boundary in the memory address space. 

Register Banks. Because the general purpose register 
set is in internal RAM, it is possible to have multiple 
banks of registers. ThejuPD70330/70332 CPU supports 
up to 8 register banks. A bit field in the PSW selects 
which bank is currently being used. Each bank con- 
tains the entire CPU register set plus additional 
information needed for context switching. Register 
banks may be switched using special instructions 
(TSKSW, BRKCS.MOVSPA, MOVSPB), or may switch 
in response to an interrupt. This provides fast context 
switching and fast interrupt handling. During and after 
RESET, register bank 7 is selected. 

Figure 1 shows the configuration of a register bank and 
how the banks are mapped to internal RAM. The Vector 
PC field contains the value that will be loaded into the 
PC when a register bank switch occurs. The PC Save 
and PSW Save fields contain the values of the PC and 
the PSW just before the banks are switched. The PSW 
is left unmodified after a bank switch; the PSW Save 
field is used to restore the PSW to its previous state is 
required. 

General-Purpose Registers [AW, BW, CW, DW]. These 
four 16-bit general-purpose registers can also serve as 
independent 8-bit registers (AH, AL, BH, BL, CH, CL, 
DH, DL). The instructions below use general-purpose 
registers for default: 

AW Word multiplication/division, word I/O, data 
conversion 

AL Byte multiplication/division, byte I/O, BCD 

rotation, data conversion, translation 
AH Byte multiplication/division 
BW Translation 
CW Loop control branch, repeat prefix 

CL Shift instructions, rotation instructions, BCD 
operations 

DW Word multiplication/division, indirect address- 
ing I/O 



Figure 1. Register Bank Configuration 





Eight 32-Byte 
Register Banks 

15 




-7 

83M-004643 


xxEFFH 
xxEEOH 

xxECOH 

xxEAOH 

xxE80H 

xxE60H 

xxE40H 

xxE20H 

xxEOOH 


Register Bank 

7 


Banks 


6 


5 


4 


3 




2 


1 





t 


— Start address; xx = value 
specified by IDB register 

32-Byte 
Register Bank 

15 


+ 1EH 
+ 1CH 
+ 1AH 
+ 18H 
+ 16H 
♦ 14H 
+ 12H 
+ 10H 
+0EH 
+0CH 
♦OAH 
+ 08H 
+06H 
+04H 
+02H 
♦00H 


AW 




AM | AL 


CW 


CH | CL 


DW 


DH | DL 


BW 


BH | BL 


SP 


BP 


IX 


IY 


DS1 




PS 


SS 


DSO 


PC storage 


PSW Storage 


Vector PC 


Reserved 


L. 


— Offset from register ba 
start address 


nk 
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Pointers [SP, BP] and Index Registers [IX, IY]. These 
registers are used as 16-bit base pointers or index 
registers in based addressing, indexed addressing, 
and based indexed addressing. The registers are used 
as default registers under the following conditions: 

SP Stack operations 

IX Block transfer (source), BCD string opera- 
tions 

IY Block transfer (destination), BCD string 
operations 

Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each 
segment register functions as a base address to a 
block; the effective address is an offset from that base. 
Physical addresses are generated by shifting the asso- 
ciated segment register left four binary digits and then 
adding the effective address. The segment registers 
are: 



Segment Register 

PS (Program segment) 
SS (Stack segment) 
DSO (Data segment-0) 
DS1 (Datasegment-1) 



Default Offset 

PC 

SP, Effective address 
IX, Effective address 
IY, Effective address 



During RESET, PS is set to FFFFH; DSO, DS1 and SS 
aresettoOOOOH. 

Program Counter [PC]. The PC is a 16-bit binary 
counter that contains the offset address from the 
program segment of the next instruction to be executed. 
It is incremented every time an instruction is received 
from the queue. |t is loaded with a new location 
whenever a branch, call, return, break, or interrupt is 
executed. During RESET, PC is set to 0000H. 



Program Status Word [PSW]. The PSW contains the 
following status and control flags. 



15 






PSW 






8 


1 


RB2 


RB1 


RBO 


V 


DIR 


IE 


BRK 


7 















S 


Z 


F1 


AC 


FO 


P 


BRKI 


CY 



Status Flags 

V Overflow bit 

S Sign 

Z Zero 

AC Auxiliary carry 

P Parity 

CY Carry 



Control Flags 

DIR Direction of string 
processing 

IE Interrupt enable 

BRK Break (after every 
instruction) 

RBn Current register 
bank flags 



BRKI I/O trap enable (see 
software interrupts) 

FO, F1 General-purpose 
user flags 

The eight low-order bits of the PSW can be stored in the 
AH register and restored by a MOV instruction execu- 
tion. The only way to alter the RBn bits via software is to 
executeanRETRBIorRETI instruction. During RESET, 
PSW is set to F002H. The FO and F1 flags may be access- 
ed as bits in the FLAG special functioning register. 

Memory Map 

The A/PD70330/332 has a 20-bit address bus that can 
directlyaccessIM bytes of memory. Figure 2 shows that 
the 16K bytes of internal ROM (//PD70332 only) 
are located at the top of the address space from FC000H 
to FFFFFH. 
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Figure 2. Memory Map 



Eight 128K-Byte 

Memory Banks 

[1M-Byte Memory] 

15 



E0000H 
DFFFFH 



C0000H 
BFFFFH 



A0000H 
9FFFFH 



8O000H 
7FFFFH 



60000H 
5FFFFH 



40000H 
3FFFFH 



2000OH 
1FFFFH 



xxEFFH 
xxEEOH 

xxECOH 

xxEAOH 

xxE80H 

xxE60H 

xxE40H 

xxE20H 

xxEOOH 



Memory Bank 
7 



Eight 32-Byte 
Register Banks 

15 



Register Bank 
7 



16K-Byte 
Internal ROM [/7PD70322] 

15 8 7 



FFFFFH 
FFFFBH 
FFFEFH 
FFEFFH 

FCOOOH 


IDB Register | 


12 Bytes 


Use Prohibited 


16,128 Bytes 




512-Byte 

Internal Data Area 
15 


xxFFFH 
xxFOOH 


Special Function 
Registers, 256 Bytes 


xxEFFH 
xxEOOH 


256-Byte 
Internal RAM 



15 



1 K-Byte 
Vector Area 



General-Purpose Vectors 



Special-Purpose Vectors 



32-Byte 
Register Bank 





15 




+1FH 


AW 






CW 






DW 






BW 






SP 






BP 






IX 






IY 






DS1 






PS 






SS 






DSO 






PC Storage 






PSW Storage 






Vector PC 




+OOH 


Reserved 






Eight 8-Byte 
Macro Service Channels 

15 




xxE3FH 
xxE38H 


Macro Service Channel 
7 




xxE30H 


6 


xxE28H 


5 


xxE20H 


4 


xxE18H 


3 




xxEIOH 


2 




xxE08H 


1 






xxEOOH 








8-Byte 
Macro Service Channel 
15 8 7 



+7H 


MSS 




MSP 




Reserved 


SCHR 


+0H 


SFRP 


MSC 



Two 8-Byte 
DMA Service Channels 

15 8 7 



xxEOFH 

Chanl 

xxE08H 
xxE07H 

ChanO 
xxEOOH 


TC1 


SARH1 ] QARH1 


DAR1 


SAR1 


TCO 


SARHO | DARHO 


DARO 


SARO 
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Figure 2 shows the internal data area (IDA) is a 256- 
byte internal RAM area followed consecutively by a 
256-byte special function register (SFR) area. All the 
data and control registers for on-chip peripherals and 
I/O are mapped into the SFR area and accessed as 
RAM. For a description of these functions, see table 6. 
The IDA is dynamically relocatable in 4K-byte incre- 
ments by changing the value in the internal data base 
(IDB) register. Whatever value is in this register will be 
assigned as the uppermost eight bits of the IDA 
address. The IDB register can be accessed from two 
different memory locations, FFFFFH and XXFFFH, 
where XX is the value in the IDB register. 

On reset, the internal data base register is set to FFH 
which maps the IDA into the internal ROM space. 
However, since the //PD70332 has a separate bus to 
internal ROM, this does not present a problem. When 
these address spaces overlap, program code cannot be 
executed from the IDA and internal ROM locations 
cannot be accessed as data. 

Figure 2 shows that the internal data area is divided into 
2 parts: the 256 byte internal RAM and the special 
function register area. 

The internal RAM area serves various purposes. When 
the RAMEN bit in the Processor Control Register is set, 
this area may be accessed as RAM and code may be 
executed from it. Note that the processor may run 
slower when the RAMEN bit is set. See the Instruction 
Clock Count table. In addition, whetherthe RAMEN bit 
is on or off, each of the 8 macroservice channels has an 
8 byte control block that is assigned to a fixed location 
in the low 64 bytes of the internal RAM. Similarly, the 
two 8 byte DMA control blocks are assigned to the low 
1 6 bytes of the RAM. The 8 CPU register banks use 32 
bytes each. Since the RAM can't be used for more than 
one purpose, there are restrictions on how V35 features 
can be combined. For example, if register bank is 
used, then macroservice channels 0-3 and both DMA 
channels cannot be used. If DMA channel 1 is used, 
then macroservice channel 1 cannot be used. 

The special function register area contains the registers 
used to control the onboard peripheral functions. 
Table 6 shows the SFRs. The address shown in the 
table is an offset from the IDB register. Most SFRs can 
be both read and written, but some are read-only; 
others are write-only. Some SFRs may be accessed 
one bit at a time; others only 8 bits at a time, and some 
SFRs are 16 bits wide. 



Instructions 

The //PD70330/332 instruction set is fully compatible 
with the V20 native mode instruction set. The V20 
instruction set is a superset of the J/PD8086/8088 
instruction set with different execution times and 
mnemonics. 

The //PD70330/332 does not support the V20 8080 
emulation mode. All of the instructions pertaining to 
this have been deleted from the //PD70330/332 in- 
struction set. 

Enhanced Instructions 

In addition to the /^PD8086/88 instructions, the 
#PD70330/332 has the following enhanced instructions. 

Instruction Function 



PUSH imm 
PUSHR 

POPR 
MUL imm 

SHL imm8 
SHRimm8 
SHRA imm8 
ROL imm8 
ROR imm8 
ROLC imm8 
RORC imm8 

CHKIND 

INM 

OUTM 

PREPARE 

DISPOSE 



Pushes immediate data onto stack 

Pushes eight general registers onto 
stack 

Pops eight general registers from stack 

Executes 16-bit multiply of register or 
memory contents by immediate data 

Shifts/ rotates register or memory by 
immediate value 



Checks array index against designated 
boundaries 

Moves a string from an I/O port to 
memory 

Moves a string from memory to an I/O 
port 

Allocates an area for a stack frame and 
copies previous frame pointers 

Frees the current stack frame on a 
procedure exit 
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Unique Instructions 

The /vPD70330/332 has the following unique 
instructions. 



Instruction 


Function 


INS 


Inserts bitfield 


EXT 


Extracts bit field 


ADD4S 


Performs packed BCD string addition 


SUB4S 


Performs packed BCD string subtraction 


CMP4S 


Performs packed BCD string 




comparison 


ROL4 


Rotates BCD digit left 


ROR4 


Rotates BCD digit right 


TEST1 


Tests bit 


SET1 


Sets bit 


CLR1 


Clears bit 


NOT1 


Complements bit 


BTCLR 


Tests bit; if true, clear and branch 


REPC 


Repeat while carry set 


REPNC 


Repeat while carry cleared 



Variable Length Bit Field Operation Instructions 

Bit fields are a variable length data structure that can 
range in length from 1 to 16 bits. The /yPD70330/332 
supports two separate operations on bit fields: insertion 
(INS) and extraction (EXT). There are no restrictions 
on the position of the bit field in memory. Separate 
segment, byte offset, and bit offset registers are used 
for insertion and extraction. Following the execution of 
these instructions, both the byte offset and bit offset 



are left pointing to the start of the next bit field, ready 
for the next operation. Bit field operation instructions 
are powerful and flexible and are therefore highly 
effective for graphics, high-level languages, and packing/ 
unpacking applications. 

Bit field insertion copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1:IY:reg8 (8-bit general-purpose register). The bit 
field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
the IY and reg8 are updated to point to the start of the 
next bit field. 

Bit field extraction copies the bit field of specified 
length from the bit field addressed by DS0:IX:reg8 to 
the AW register. If the length of the bit field is less than 
16 bits, the bit field is right justified with a zero fill. The 
bit field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
IX and reg8 are updated to point to the start of the next 
bit field. 

Figures 3 and 4 show bit field insertion and bit field 
extraction. 

Packed BCD Instructions 

Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, CMP4S) or byte 
format operands (ROR4, ROL4). Packed BCD strings 
may be 1 to 254 digits in length. The two BCD rotation 
instructions perform rotation of a single BCD digit in 
the lower half of the AL register through the register or 
the memory operand. 



Figure 3. Bit Field Insertion 





Bit length 


15 







//// 



Byte offset (IY) 



Memory 



Byte boundary 



Segment base (DS1) 



13 



//PD70330/332 (V35) 



NEC 



Figure 4. Bit Field Extraction 
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/ 
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t 
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Jl " 








Byte boundary 
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Bit Manipulation Instructions 

The a(PD70330/332 has five unique bit manipulation 
instructions. The ability to test, set, clear, or comple- 
ment a single bit in a register or memory operand 
increases code readability as well as performance over 
the logical operations traditionally used to manipulate 
bit data. This feature further enhances control over 
on-chip peripherals. 

Additional Instructions 

Besides the V20 instruction set, the //PD70330/0332 
has the eight additional instructions described in 
table 1. 

Table 1. Additional Instructions 



Instruction 



Function 



BTCLR var,imm8, 
short label 



Bit test and if true, clear and branch; 
otherwise, no operation 



STOP (no operand) Power down instruction, stops oscillator 

RETRBI (no operand) Return from register bank context switch 
interrupt 

FINT (no operand) Finished interrupt. After completion of a 

hardware interrupt request, this instruction 
must be used to reset the current priority 
bit in the in-service priority register (ISPR).* 

*Do not use with NMI or INTR interrupt service routines. 

Repeat Prefixes 

Two new repeat prefixes (REPC, REPNC) allow con- 
ditional block transfer instructions to use the state of 
the CY flag as the termination condition. This allows 
inequalities to be used when working on ordered data, 
thus increasing performance when searching and 
sorting algorithms. 



Bank Switch Instructions 

The V35 has four new instructions that allow the 
effective use of the reg ister ban ks for software i nterru pts 
and multitasking. These instructions are shown in 
table 2. Also, see figures 8 and 10. 

Table 2. Bank Switch Instructions 



Instruction 



Function 



BRKCS reg 16 Performs a high-speed software interrupt with 

context switch to the register bank indicated 
by the lower 3-bits of reg 16. This operation is 
identical to the interrupt operation shown in 
figure 9. 

TSKSW reg 16 Performs a high-speed task switch to the 

register bank indicated by the lower 3-bits of 
reg 16. The PC and PSW are saved in the old 
banks. PC and PSW save registers and the new 
PC and PSW values are retrieved from the new 
register bank's save areas. See figure 10. 



MOVSPA 


Transfers both the SS and SP of the old 
register bank to the new register bank after 
the bank has been switched by an interrupt or 
BRKCS instruction. 


MOVSPB 


Transfers the SS and the SP of the current 
register bank before the switch to the SS and 
SP of the new register bank indicated by the 
lower 3-bits of reg 16. 



Interrupt Structure 

The //PD70330/332 can service interrupts generated 
both by hardware and by software. Software interrupts 
are serviced through vectored interrupt processing. 
See table 3 for the various types of software interrupts. 
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Table 3. Software Interrupts 



Figure 5. Interrupt Vector 



Interrupt 


Description 


Divide error 


The CPU will trap if a divide error occurs as the 
result of a DIV or DIVU instruction. 


Single step 


The interrupt is generated after every instruction 
if the BRK bit in the PSW is set. 


Overflow 


By using the BRKV instruction, an interrupt can be 
generated as the result of an overflow. 


Interrupt 
instructions 


The BRK 3 and BRK imm8 instructions can 
generate interrupts. 


Array bounds 


The CHKIND instruction will generate an interrupt 
if specified array bounds have been exceeded. 


Escape trap 


The CPU will trap on an FP01.2 instruction to 
allow software to emulate the floating point 
processor. 



I/O trap If the I/O trap bit in the PSW is cleared, a trap will 

be generated on every IN or OUT instruction. 
Software can then provide an updated peripheral 
address. This feature allows software 
interchangeability between different systems. 

When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, 
since //PD70330/332 internal peripherals are memory 
mapped, software conversion could be difficult. The 
I/O trap feature allows easy conversion from external 
peripherals to on-chip peripherals. 

Interrupt Vectors 

The starting address of the interrupt processing 
routines may be obtained from table 4. The table 
begins at physical address 00H, which is outside the 
internal ROM space. Therefore, external memory is 
required to service these routines. By servicing inter- 
rupts via the macro service function or context 
switching, this requirement can be eliminated. 

Each interrupt vector is four bytes wide. To service 
a vectored interrupt, the lower addressed word is 
transferred to the PC and the upper word to the PS. 
See figure 5. 





Vector 




83-0001 12A 




I 
OOOH j 


001 H 


O02H j 


O03H 




PS <- (O03H, 002H) 
PC «- (001 H, OOOH) 





Table 4. 


Interrupt Vectors 


Address 


Vector No. 


Assigned Use 


00 





Divide error 


04 


1 


Break flag 


08 


2 


NMI 


OC 


3 


BRK3 instruction 


10 


4 


BRKV instruction 


14 


5 


CHKIND instruction 


18 


6 


General purpose 


1C 


7 


FP0 instructions 


20-2C 


8-11 


General purpose 


30 


12 


INTSER0 (Interrupt serial error, channel 0) 


34 


13 


INTSR0 (Interrupt serial receive, channel 0) 


38 


14 


INTST0 (Interrupt serial transmit, channel 0) 


3C 


15 


General purpose 


40 


16 


INTSER1 (Interrupt serial error, channel 1) 


44 


17 


INTSR1 (Interrupt serial receive, channel 1) 


48 


18 


INTST1 (Interrupt serial transmit, channel 1) 


4C 


19 


I/O trap 


50 


20 


INTD0 (Interrupt from DMA, channel 0) 


54 


21 


INTD1 (Interrupt from DMA, channel 1) 


58 


22 


General purpose 


5C 


23 


General purpose 


60 


24 


INTP0 (Interrupt from peripheral 0) 


64 


25 


INTP1 (Interrupt from peripheral 1) 


68 


26 


INTP2 (Interrupt from peripheral 2) 


6C 


27 


General purpose 


70 


28 


INTTU0 (Interrupt from timer unit 0) 


74 


29 


INTTU1 (Interrupt from timer unit 1) 


78 


30 


INTTU2 (Interrupt from timer unit 2) 


7C 


31 


INTTB (Interrupt from time base counter) 


080-3FF 


32-255 


General purpose 
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Execution of a vectored interrupt occurs as follows: 
(SP-1, SP-2) — PSW 
(SP-3, SP-4) *- PS 
(SP-5, SP-6) *- PC 
SP *- SP-6 
IE — 0, BRK*-0 
PS *- vector high bytes 
PC -*- vector low bytes 

Hardware Interrupt Configuration 

The V35 features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 
12 internal). The interrupt configuration includes 
system interrupts that are functionally compatible with 
those of the V20/V30 and unique high-performance 
microcontroller interrupts. 

Interrupt Sources 

The 17 interrupt sources (table 5) are divided into 
groups for management by the interrupt controller. 
Using software, each of the groups can be assigned a 
priority from (highest) to 7 (lowest). The priority of 
individual interrupts within a group is fixed in hardware. 

Figure 6. Interrupt Mode Register (INTM) 



If interrupts from different groups occur simultaneously 
and the groups have the same assigned priority level, 
the priority followed will be as shown in the Default 
Priority column of table 5. 

The ISPR is an 8-bit SFR; bits PR0-PR7 correspond to 
the eight possible interrupt request priorities. The 
ISPR keeps track of the priority of the interrupt cur- 
rently being serviced by setting the appropriate bit. 
The address of the ISPR is XXFFCH. The ISPR format 
is shown below. 



PR 7 


PR 6 


PR 5 


PR 4 


PR 3 


PR 2 


PR1 


PRo 



NMI and INT are system-type external vectored 
interrupts. NMI is not maskable via software. INTR is 
maskable (IE bit in PSW) and requires that an external 
device provide the interrupt vector number. It allows 
expansion by the addition of an external interrupt 
controller (//PD71059). 

NMI, INTPO, and INTP1 are edge-sensitive interrupt 
inputs. By selecting the appropriate bits in the interrupt 
mode register, these inputs can be programmed to be 
either rising or falling edge triggered. ES0-ES2 corre- 
spond to INTP0-INTP2, respectively. See figure 6. 



7 


I 




5 


4 




3 




2 


1 


( 


) 









ES 2 





ES 1 





ES 





ES 
NMI 
































Trigger Mode 







Falling Edge 








1 


Rising Edge 









Falling Edge 








1 


Rising Edge 









Falling Edge 










1 


Rising Edge 









Falling Edge 


























1 


Rising Edge 
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Table 5. Interrupt Sources 




Vector 


Macro 
Service 


Bank 
Switching 




Priority Order 




Multiple 


External/ 
Interrupt Source Internal 


Setting 
Possible 


Between 
Groups 


Within 
Groups 


Processing 
Control 



NMI 

Nonmaskable interrupt 


External 


2 


No 


No 


No 





— 


Not 
accepted 


INTTUO 

Interrupt from timer 

unitO 


Internal 


28 


Yes 


Yes 


Yes 


1 


1 


Accepted 


INTTU1 

Interrupt from timer 

unit 1 


Internal 


29 


Yes 


Yes 


Yes 


1 


2 




INTTU2 

Interrupt from timer 

unit 2 


Internal 


30 


Yes 


Yes 


Yes 


1 


3 




INTDO 

Interrupt from DMA 

channel 


Internal 


20 


No 


Yes 


Yes 


2 


1 


Accepted 


INTD1 

Interrupt from DMA 

channel 1 


Internal 


21 


No 


Yes 


Yes 


2 


2 




INTPO 

Interrupt from 
peripheral 


External 


24 


Yes 


Yes 


Yes 


3 


1 


Accepted 


INTP1 

Interrupt from 
peripheral 1 


External 


25 


Yes 


Yes 


Yes 


3 


2 




INTP2 

Interrupt from 
peripheral 2 


External 


26 


Yes 


Yes 


Yes 


3 


3 




INTSERO 

Interrupt from serial 

error on channel 


Internal 


12 


No 


Yes 


Yes 


4 


1 


Accepted 


INTSRO 

Interrupt from serial 

receiver of channel 


Internal 


13 


Yes 


Yes 


Yes 


4 


2 




INTSTO 

Interrupt from serial 

transmitter of channel 


Internal 


14 


Yes 


Yes 


Yes 


4 


3 




INTSER1 

Interrupt from serial 

error on channel 1 


Internal 


16 


No 


Yes 


Yes 


5 


1 


Accepted 


INTSR1 

Interrupt from serial 

receiver of channel 1 


Internal 


17 


Yes 


Yes 


Yes 


5 


2 




INTST1 

Interrupt from serial 

transmitter of channel 1 


Internal 


18 


Yes 


Yes 


Yes 


5 


3 




INTTB 

Interrupt from time 

base counter 


Internal 


31 


No 


No 


No 
(Preset to 7) 


6 




Accepted 


INT 
Interrupt 


External 


Ext. 
input 


No 


No 


No 


7 


— 


Not 
accepted 
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Interrupt Processing Modes 

Interrupts, with the exception of NMI, INT, and INTTB, 
have high-performance capability and can be pro- 
cessed in any of three modes: standard vectored inter- 
rupt, register bank context switching, or macro service 
function. The processing mode for a given interrupt 
can be chosen by enabling the appropriate bits in the 
corresponding interrupt request control register. As 
shown in table 6, each individual interrupt, with the 
exception of I NTR and NM I , has its own associated I RC 
register. The format for all IRC registers is shown in 
figure 7. There is an IRC for every interrupt source 
except NHI and INT. 

All interrupt processing routines other than those for 
NMI and INT must end with the execution of an FINT 
instruction. Otherwise, subsequently, only interrupts 
of a higher priority will be accepted. FINT allows the 
internal interrupt controller to begin looking for new 
interrupts. 

In the vectored interrupt mode, the CPU traps to the 
vector location in the interrupt vector table. 



Figure 7. Interrupt Request Control Registers (IRC) 



Register Bank Switching 

Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected is that which 
has the same register bank number (0-7) as the priority 
of the interrupt to be serviced. The PC and PSW are 
automatically stored in the save areas of the new 
register bank and the address of the interrupt routine is 
loaded from the vector PC storage location in the new 
register bank. As in the vectored mode, the IE and BRK 
bits in the PSW are cleared to zero. After interrupt 
processing, execution of the RETRBI (return from 
register bank interrupt) returns control to the former 
register bank and restores the former PC and PSW. 
Figures 8 and 9 show register bank context switching 
and register bank return. 

Specific IRC registers include the following. 



Symbol 

DICO, DIC1 
EXIC0-EXIC2 
SEICO, SEIC1 
SRICO, SRIC1 
STICO, STIC1 



IRC Register 

DMA 
External 
Serial error 
Serial receive 
Serial transmit 



TMIC0-TMIC2 Timer 



IRC 


7 


6 


5 


4 3 2 


1 











FLAG 


MASK 


MS/ 
INT 


ENCS 





PR 2 


PRi 


PRo 






















I 




I 




















PR 
2 1 


Priority 






1 1 1 


Highest 
Lowest 










ENCS 


Context Switch 





Vectored Interrupt Mode 










1 


Bank Switching 




MS/INT 


Macro Service or Interrupt 





Interrupt 












1 


Macro Service 




xxMKn 


Interrupt Mask 





Mask Open: Interrupts Enabled 














1 


Mask Closed: Interrupts Disabled 




xxFn 


Interrupt Request Flag 





No Request 
















1 


Interrupt Requested 


























49- 
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Figure 8. 


Register Bank Context Switching 
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Figure 9. 


Register Bank Return 
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Macro Service Function 

The macro service function (MSF) is a special micro- 
program that acts as an internal DMA controller be- 
tween on-chip peripherals (special function registers, 
SFR) and memory. The MSF greatly reduces the 
software overhead and CPU time that other processors 
would require for register save processing, register 
returns, and other handling associated with interrupt 
processing. 

If the MSF is selected for a particular interrupt, each 
time the request is received, a byte or word of data will 
be transferred between the SFR and memory without 
interrupting the CPU. Each time a request occurs, the 
macro service counter is decremented. When the 
counter reaches zero, an interrupt to the CPU is 
generated. The MSF also has a character search 
option. When selected, every byte transferred will be 
compared to an 8-bit search character and an interrupt 
will be generated if a match occurs or if the macro 
service counter counts out. 

Like the NMI, INT and INTTB, the two DMA controller 
interrupts (INTDO, INTD1) do not have MSF capability. 



Figure 10. 
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There are eight 8-byte macro service channels mapped 
into internal RAM from XXEOOH to XXE3FH. Figure 1 1 
shows the components of each channel. 

Setting the macro service mode for a given interrupt 
requires programming the corresponding macro ser- 
vice control register. Each individual interrupt, exclud- 
ing INTR, NMI and TBC, has its own associated MSC 
register. See table 6. Format for all MSC registers is 
shown in figure 12. 

Figure 11. Macro Service Channels 
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On-Chip Peripherals 

Timer Unit 

The //PD70330/332 (figure 13) has two programmable 
16-bit interval timers (TMO, TM1) on-chip, each with 
variable input clock frequencies. Each of the two 16-bit 
timer registers has an associated 16-bit modulus 
register (MDO, MD1). Timer operates in the interval 
timer mode or one-shot mode; timer 1 has only the 
interval timer mode. 



Interval Timer Mode. In this mode, TM0/TM1 are 
decremented by the selected input clock and, after 
counting out, the registers are automatically reloaded 
from the modulus registers and counting continues. 
Each time TM1 counts out, interrupts are generated 
through TF1 and TF2 (Timer Flags 1, 2). When TMO 
counts out, an interrupt is generated through TFO. 
The timer-out signal can be used as a square-wave 
output whose half-cycle is equal to the count time. 
There are two selectable input clocks (SCLK: system 
clock = fosc/2; fosc = 10 MHz). 



Clock 

SCLK/6 
SCLK/128 



Timer Resolution 

1.2 fis 
25.6 /us 



Full Count 

78.643 ms 
1.678 s 



One-Shot Mode. In the one-shot mode, TMO and MDO 
operate as independent one-shot timers. Starting with 
a preset value, each is decremented to zero. At zero, 
counting ceases and an interrupt is generated by TFO 
(from TMO) or TF1 (from MDO). One-shot mode allows 
two selectable input clocks (fosc = 1 MHz). 



Clock 

SCLK/12 
SCLK/128 



Timer Resolution 

2.4 fjs 
25.6 /js 



Full Count 

157.283 ms 
1.678 s 



Setting the desired timer mode requires programming 
the timer control register. See figures 14 and 15 for 
format. 

Time Base Counter/Processor Control Register 

The 20-bit free-running time base counter controls 
internal timing sequences and is available to the user 
as the source of periodic interrupts at lengthy intervals. 
One of four interrupt periods can be selected by pro- 
gramming the TBO and TB1 bits in the processor 
control register (PRC). The TBC interrupt is unlike the 
others in that it is fixed as a level 7 vectored interrupt. 
Macro service and register bank switching cannot be 
used to service this interrupt. See figures 16 and 17. 

The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 

The TBC (figure 18) uses the system clock as the input 
frequency. The system clock can be changed by 
programming the PCKO and PCK1 bits in the processor 
control register (PRC). Reset initializes the system 
clock to fosc/8 (fosc = external oscillator frequency). 
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Figure 12. Macro Service Control Registers (MSC) 
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Figure 13. Timer Unit Block Diagram 
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Figure 


14. 


Timer Control Register 
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Figure 15. Timer Control Register 1 
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Figure 16. Time Base Interrupt Request Control Register 
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Figure 17. Processor Control Register (PRC) 
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Figure 18. Time Base Counter (TBC) Block Diagram 
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Refresh Controller 

The ,t/PD70330/332 has an on-chip refresh controller 
for dynamic and pseudostatic RAM mass storage 
memories. The refresh controller generates refresh 
addresses and refresh pulses. It inserts refresh cycles 
between the normal CPU bus cycles according to 
refresh specifications. 

The refresh controller outputs a 9-bit refresh address 
on address bits Aq-As during the refresh bus cycle. 
Address bits A9-A-19 are all Vs. The 9-bit refresh 
address is automatically incremented at every refresh 
timing for 512 row addresses. The 8-bit refresh mode 
(RFM) register (figure 19) specifies the refresh opera- 
tion and allows refresh during both CPU HALT and 



H OLD mod es. Refresh cycles are automatically timed 
to REFRQ following read/write cycles to minimize the 
effect on system thoughput. 



The following shows the REFRQ pin level in relation to 
bits 4 (RFEN) and 7 (RFLV) of the refresh mode 
register. 
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Figure 19. Refresh Mode Register (RFM) 
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Serial Interface 

The//PD70330/332 has two full-duplex UARTs, channel 
and channel 1. Each serial port channel has a 
transmit line (TxDn), a receive line (RxDn), and a clear 
to send (CTSn) input line for handshaking. Communi- 
cation is synchronized by a start bit, and you can 
program the ports for even, odd, or no parity, character 
lengths of 7 or 8 bits, and 1 or 2 stop bits. 

TheyuPD70330/332 has dedicated baud rate generators 
for each serial channel. This eliminates the need to 
obligate the on-chip timers. The baud rate generator 
allows a wide range of data transfer rates (up to 1.25 
Mb/s). This includes all of the standard baud rates 
without being restricted by the value of the particular 
external crystal. 

Each baud rate generator has an 8-bit baud rate 
generator (BRGn) data register, which functions as a 
prescaler to a programmable input clock selected by 
the serial communication control (SCCn) register. 
Together these must be set to generate a frequency 
equivalent to the desired baud rate. 

The baud rate generator can be set to obtain the 
desired transmission rate according to the following 
formula: 



BxG = 



SCLKxIO 6 

2n + 1 



where B = baud rate 

G = baud rate generator register (BRGn) 
value 

n = input clock specifications (n between 
and 8). This is the value that is loaded 
into the SCCn register. See figure 23. 

SCLK = system clock frequency (MHz) 

Based on the above expression, the following table 
shows the baud rate generator values used to obtain 
standard transmission rates when SCLK = 5 MHz. 



Baud Rate 


n 


BRGn Value 


Error (%) 


110 


7 


178 


0.25 


150 


7 


130 


0.16 


300 


6 


130 


0.16 


600 


5 


130 


0.16 


1200 


4 


130 


0.16 


2400 


3 


130 


0.16 


4800 


2 


130 


0.16 


9600 


1 


130 


0.16 


19,200 





130 


0.16 


38,400 





65 


0.16 


1.25M 





2 






In addition to the asynchronous mode, channel has a 
synchronous I/O interface mode. In this mode, each bit 
of data tranferred is synchronized to a serial clock 
(SCKO). This is the same as the NEC //COM75 and 
fiCOMS7 series, and allows easy interfacing to these 
devices. Figure 20 is the serial interface block diagram; 
figures 21 , 22, and 23 show the three serial communica- 
tion registers. 

DMA Controller 

The /uPD70330/332 has a two-channel, on-chip DMA 
controller. This allows rapid data transfer between 
memory and auxiliary storage devices. The DMA con- 
troller supports four modes of operation, two for 
memory-to-memory transfers and two for transfers 
between I/O and memory. See figures 24, 25, and 26 for 
a graphic representation of the DMA registers. 



25 



//PD70330/332 (V35) 



NEC 



Figure 20. Serial Interface Block Diagram 
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Figure 21 


. Serial Communication Mode Register (SCM) 
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Figure 22. Serial Communication Error Registers (SCE) 
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Figure 23. Serial Communication Control Register (SCC) 
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Figure 24. DMA Channels 
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Figure 25. 


DMA Mode Registers (DMAM) 
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Figure 26. 


DMA Control Registers (DMAC) 
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Memory-to-Memory Transfers. In the single-step 
mode, when one DMA request is made, execution of 
one instruction and one DMA transfer are repeated 
alternately until the prescribed number of DMA trans- 
fers has occurred. Interrupts can be accepted while in 
this mode. In burst mode, a DMA request causes DMA 
transfer cycles to continue until the DMA terminal 
counter decrements to zero. Software can also initiate 
memory-to-memory transfers. 

Transfers Between I/O and Memory. In single-transfer 
mode, one DMA transfer occurs after each rising edge 
of DMARQ. After the transfer, the bus is returned to the 
CPU. In demand release mode, the rising edge of 
DMARQ enables DMA cycles, which continue as long 
as DMARQ is high. 

In all modes, the TC (terminal count) output pin will 
pulse low and a DMA completion I/O request will be 
generated after the predetermined number of DMA 
cycles has been completed. 

The bottom of internal RAM contains all the necessary 
address information forthe designated DMA channels. 
The DMA channel mnemonics are as follows: 

TC Terminal counter 

SAR Source address register 

SARH Source address register high 

DAR Destination address register 

DARH Destination address register high 



The DMA controller generates physical source 
addresses by offsetting SARH 12 bits to the left and 
then adding the SAR. The same procedure is also used 
to generate physical destination addresses. You can 
program the controller to increment or decrement 
source and/or destination addresses independently 
during DMA transfers. 

When the EDMA bit is set, the internal DMARQ flag is 
cleared. Therefore, DMARQs are only recognized after 
the EDMA bit has been set. 

Parallel Ports 

The A/PD70330/332 has three 8-bit parallel I/O ports: 
PO, P1, and P2. Refer to figures 27 through 31 . Special 
function register (SFR) locations can access these 
ports. The port lines are individually programmable as 
inputs or outputs. Many of the port lines have dual 
functions as port or control lines. 

Use the associated port mode and port mode control 
registers to select the mode for a given I/O line. 

The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage is 
programmable to be the Vjh input x n/16, where n = 1 
to 16. See figure 32. 
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Figure 27. Port Mode Registers and 2 (PMO, PM2) 
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Figure 29. Port Mode Control Register (PMCO) 
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Figure 30. Port Mode Control Register 1 (PMC1) 
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Figure 31. 


Port Mode Control Register 2 (PMC2) 
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Figure 32. Port Mode Register T (PMT) 
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Programmable Wait State Generation 

You can generate wait states internally to further 
reduce the necessity for external hardware. Insertion 
of these wait states allows direct interface to devices 
whose access times cannot meet the CPU read/write 
timing requirements. 

When using this function, the entire 1M-byte memory 
address space is divided into 128K-blocks. Each block 
can be programmed for zero, one, or two wait states, or 
two plus those added by the extenal READY signal. 
The top two blocks are programmed together as one 
unit. 

The appropriate bits in the wait control word (WTC) 
control wait state generation. Programming the upper 
two bits in the wait control word will set the wait state 
conditions for the entire I/O address space. Figure 33 
shows the memory map for programmable wait state 
generation; see figure 34 for a graphic representation 
of the wait control word. 



Figure 33. Programmable Wait State Generation 
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Standby Modes 

The two low-power standby modes are HALT and 
STOP. Software causes the processor to enter either 
mode. 

HALT Mode. 

In the HALT mode, the processor is inactive and the 
chip consumes much less power than when opera- 
tional. The external oscillator remains functional and 
all peripherals are active. Internal status and output 
port line conditions are maintained. Any unmasked 
interrupt can release this mode. In the El state, inter- 
rupts subsequently will be processed in vector mode. 
In the Dl state, program execution is restarted with the 
instruction following the HALT instruction. 

STOP Mode. 

The STOP mode allows the largest power reduction 
while maintaining RAM. The oscillator is stopped, 

Figure 34. Wait Control Word 
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BLK20 


BLK11 


BLK10 


BLK01 


BLKOO 




I 












I 




















BLKnl 


BLKnO 


Mode 






















No Waits 





1 


1Wait 


1 





2Wait 


1 


1 


2 Waits + Ext. Ready 
















49-001 394B 



Figure 35. Standby Register 
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6 


5 


4 


3 
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SBF 


STBC 
























*- 


Standby Flag 






1 


No changes in supply voltage (standby) 





Rising edge on supply voltage (cold start) 














49 
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Table 6. 


Special-Function Registers 










Address 


Register Function 


Symbol 


R/W 


Manipulation (Bit) 


When RESET 


xxFOOH 


PortO 


PO 


R/W 


8/1 


Undefined 


xxFOIH 


Port mode 


PMO 


W 


8 


FFH 


xxF02H 


Port mode control 


PMCO 


W 


8 


00H 


xxF08H 


Port 1 


P1 


R/W 


8/1 


Undefined 


xxF09H 


Port mode 1 


PM1 


W 


8 


FFH 


xxFOAH 


Port mode control 1 


PMC1 


W 


8 


00H 


xxFIOH 


Port 2 


P2 


R/W 


8/1 


Undefined 


xxF11H 


Port mode 2 


PM2 


W 


8 


FFH 


xxF12H 


Port mode control 2 


PMC2 


W 


8 


00H 


xxF38H 


PortT 


PT 


R 


8 


Undefined 



xxF3BH 


Port mode T 


PMT 


R/W 


8/1 


00H 


xxF40H 


External interrupt mode 


INTM 


R/W 


8/1 


00H 


xxF44H 


External interrupt macro service control 


EMSO 


R/W 


8/1 


Undefined 


xxF45H 


External interrupt macro service control 1 


EMS1 


R/W 


8/1 




xxF46 


External interrupt macro service control 2 


EMS2 


R/W 


8/1 




xxF4CH 


External interrupt request control 


EXICO 


R/W 


8/1 


47H 


xxF4DH 


External interrupt request control 1 


EXIC1 


R/W 


8/1 




xxF4EH 


External interrupt request control 2 


EXIC2 


R/W 


8/1 




xxF60H 


Receive buffer 


RxBO 


R 


8 


Undefined 


xxF62H 


Transmit buffer 


TxBO 


W 


8 




xxF65H 


Serial receive macro service control 


SRMSO 


R/W 


8/1 




xxF66H 


Serial transmit macro service control 


STMSO 


R/W 


8/1 




xxF68H 


Serial communication mode 


SCMO 


R/W 


8/1 




xxF69H 


Serial communication control 


SCCO 


R/W 


8/1 


00H 


xxF6AH 


Baud rate generator 


BRGO 


R/W 


8/1 




xxF6BH 


Serial communication error 


SCEO 


R 


8 




xxF6CH 


Serial error interrupt request control 


SEICO 


R/W 


8/1 


47H 


xxF6DH 


Serial receive interrupt request control 


SRICO 


R/W 


8/1 




xxF6EH 


Serial transmit interrupt request control 


STICO 


R/W 


8/1 




xxF70H 


Receive buffer 1 


RxB1 


R 


8 


Undefined 


xxF72H 


Transmit buffer 1 


TxB1 


W 


8 




xxF75H 


Serial receive macro service control 1 


SRMS1 


R/W 


8/1 




xxF76H 


Serial transmit macro service control 1 


STMS1 


R/W 


8/1 




xxF78H 


Serial communication mode 1 


SCM1 


R/W 


8/1 


OOH 


xxF79H 


Serial communication control 1 


SCC1 


R/W 


8/1 




xxF7AH 


Baud rate generator 1 


BRG1 


R/W 


8/1 





xxF7BH 



Serial communication error 1 



SCE1 
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Table 6. 


Special-Function Registers (cont) 










Address 


Register Function 


Symbol 


R/W 


Manipulation (Bit) 


When RESET 


xxF7CH 


Serial error interrupt request control 1 


SEIC1 


R/W 


8/1 


47H 


xxF7DH 


Serial receive interrupt request control 1 


SRIC1 


R/W 


8/1 




xxF7EH 


Serial transmit interrupt request control 1 


STIC1 


R/W 


8/1 





xxF80H 



xxF82H 



xxF88H 



Timer 



Modulo 



Timer 1 



TMO 



R/W 



MDO 



R/W 



TM1 



R/W 



Notes: 

(1) Each bit of the standby control register can be set to 1 by an 
instruction; however, once set, bits cannot be reset to by an 
instruction (only 1 can be written to this register). 

(2) Upon power-on reset = 00H; other = no change. 



Undefined 



xxF8AH 


Modulo 1 


MD1 


R/W 


16 




XXF90H 


Timer control 


TMCO 


R/W 


8/1 


00H 


xxF91H 


Timer control 1 


TMC1 


R/W 


8/1 




xxF94H 


Timer macro service control 


TMMSO 


R/W 


8/1 


Undefined 


xxF95H 


Timer macro service control 1 


TMMS1 


R/W 


8/1 




xxF96H 


Timer macro service control 2 


TMMS2 


R/W 


8/1 




xxF9CH 


Timer interrupt request control 


TMICO 


R/W 


8/1 


47H 


xxF9DH 


Timer interrupt request control 1 


TMIC1 


R/W 


8/1 




xxF9EH 


Timer interrupt request control 2 


TMIC2 


R/W 


8/1 




xxFAOH 


DMA control 


DMACO 


R/W 


8/1 


Undefined 


xxFAIH 


DMA mode 


DMAMO 


R/W 


8/1 


00H 


xxFA2H 


DMA control 1 


DMAC1 


R/W 


8/1 


Undefined 


xxFA3H 


DMA mode 1 


DMAM1 


R/W 


8/1 




xxFACH 


DMA interrupt request control 


DICO 


R/W 


8/1 


47H 


xxFADH 


DMA interrupt request control 1 


DIC1 


R/W 


8/1 




xxFEOH 


Standby control 


STBC 


R/W 
(Note 1) 


8/1 


Undefined 
(Note 2) 


xxFEIH 


Refresh mode 


RFM 


R/W 


8/1 


FCH 


xxFE8H 


Wait control 


WTC 


R/W 


16/8 


FFFFH 


xxFEAH 


User flag (Note 3) 


FLAG 


R/W 


8/1 


00H 


xxFEBH 


Processor control 


PRC 


R/W 


8/1 


4EH 


xxFECH 


Time base interrupt request control 


TBIC 


R/W 


8/1 


47H 


xxFFCH 


Inservice priority register 


ISPR 


, R 


8 


Undefined 


xxFFFH 
FFFFFH 


Internal data area base 


IDB 


R/W 


8/1 


FFH 



(3) For the user flag register (FLAG), manipulating bits other than 
bits 3 and 5 is meaningless. The contents of user flags and 1 
(FO and F1 ) of the FLAG register are affected by manipulating FO 
and F1 of the PSW. 
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Absolute Maximum Ratings 

T A = 25°C 



Supply voltage, Vdd 




-0.5 to +7.0 V 


Input voltage, V| 




-0.5toV D D + 0.5V(<+7.0V) 


Output voltage, V 




-0.5 to V D o + 0.5 V (< +7.0 V) 


Threshold voltage, Vjh 




-0.5toV DD + 0.5V(<+7.0V) 


Output current, low; Iql 
Each output pin 
Total 




4.0 mA 
50 mA 


Output current, high; IrjH 
Each output pin 
Total 




-2.0 mA 
-20 mA 


Operating temperature range, Tqpj 


-40 to +85 °C 


Storage temperature range, 


Tstg 


-65 to +150 °C 



Comment: Exposure to Absolute Maximum Ratings 
periods may affect device reliability; exceeding the 
cause permanent damage. 

Comparator Characteristics 

Vdd = +5 V ±10%; T A = -10 to +70°C 



for extended 
ratings could 





Limits 


Unit 


Test 


Parameter Symbol 


Min Max 


Conditions 


Accuracy VAqomp 


±100 


mV 




Threshold voltage Vjh 


o v DD 

+ 0.1 


V 




Comparison time trjoMP 


64 65 


tCYK 




PT input voltage V|pj 


V DD 


V 




Capacitance Characteristics 

V DD = 0V;T A = 25°C 




Limits 




Test 


Parameter Symbol 


Min Max Unit 


Conditions 


Input capacitance C| 


10 pF 


fc = 
Uni 
reti 


= 1 MHz; 


Output capacitance Co 


20 pF 


measured pins 
irned to V 


I/O capacitance C|q 


20 pF 





DC Characteristics 

V DD = +5 V ±10%; T A = -10 to +70 °C (Note 1) 






Symbol 




Limits 




Unit 


Test 


Parameter 


Min 


Typ 


Max 


Conditions 


Supply current, 
operating 


Iddi 




50 
65 


100 
120 


mA 
mA 


f CL K = 5MHz 
fCLK = 8 MHz 


Supply current, 
HALT mode 


■dD2 




20 
25 


40 
50 


mA 
mA 


f CL K = 5MHz 
fCLK = 8 MHz 


Supply current, 
STOP mode 


<DD3 




10 


30 


*A 




Threshold current 


Ith 




0.5 


1.0 


mA 


V TH = 0toV DD 


Input voltage, 
low 


V|L 







0.8 


V 





Input voltage, 
high 



Vim 2.2 Vdd v All inputs except 

RESET, P1 /NMI, 
X1.X2 



V|H2 



0.8 x 

Vdd 



Vdd 



V RESET, P1 /NMI, 
X1.X2 



Output voltage, 
low 


Vol 




0.45 


V 


Iol = 1-6 mA 


Output voltage, 
high 


Voh 


Vdd 
-1.0 




V 


Ioh = -0.4 mA 


Input current 


>IN 




±20 


/*A 


EA, P1 /NMI; 
V| = to Vdd 


Input leakage 
current 


"LI 




±10 


M 


All except EA, 
P1 /NMI; 
V| = to V DD 


Output leakage 
current 


"L0 




±10 


M 


Vo = OtoV D o 


Data retention 
voltage 


Vdddr 


2.5 


. 5.5 


V 





Notes: 

(1) The standard operating temperature range is -10 to +70°C. 
However, extended temperature range parts (—40 to +85 °C) are 
available. 
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AC Characteristics 

Vdd = +5 V ±10%; T A = -10 to +70 °C; C L = 100 pF (max) 





Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Max 


Conditions 


Vqo rise, 
fall time 


tRVD. tFVD 


200 




fJS 


STOP mode 


Input rise, 
fall time 


t|R. t|F 




20 


ns 


Except XI, X2, 
RESET, NMI 


Input rise, 
fall time 


t|RS> t|FS 




30 


ns 


RESET, NMI 
(Schmitt) 


Output rise, 
fall time 


tOR. tOF 




20 


ns 


Except CLKOUT 


X1 cycle time 


tfJYX 


98 


250 


ns 


Note 3 




62 


250 


ns 


Note 4 


X1 width, low 


twXL 


35 




ns 


Note 3 




20 




ns 


Note 4 


X1 width, high 


l WXH 


35 




ns 


Note 3 




20 




ns 


Note 4 


X1 rise, 
fall time 


l XR. txF 




20 


ns 




CLKOUT cycle 


tCYK ; 


200 


2000 


ns 


Note 3 


time 


125 


2000 


ns 


Note 4 


CLKOUT width, 
low 


%KL 


0.5T - 15 




ns 


Notel 


CLKOUT width, 
high 


%KH 


0.5T - 15 




ns 




CLKOUT rise, 
fall time 


l KR. t-KF 




15 


ns 




Address delay 
time 


tn KA 




90 


ns 




Address valid to 
input data valid 


l DADR 




T(n + 1.5) 
-90 


ns 


Note 2 


MREQ to 
address hold time 


*HMRA 


0.5T 
-30 




ns 




MREQ to data 
delay 


*DMRD 




T(n + 2) 
-75 


ns 




MSTB to data 
delay 


tDMSD 




T(n + 1) 
-75 


ns 




MREQtoMSTB 
delay 


tDMRMSR 


T-35 


T + 35 


ns 




MREQ width, 
low 


tWMRL 


T(n + 2) 
-30 




ns 




MREQ, MSTB to 
address hold time 


*HMA 


0.5T 
-50 




ns 




Input data hold 
time 


*HMD 







ns 




Next control 
setup time 


l SCC 


T-25 




ns 




MREQtoTC 
delay time 


*DMRTC 




0.5T + 50 


ns 







Symbol 


Limits 




Test 


Parameter 


Min 


Max 


Unit Conditions 


WfREQ delay time 


tDAMR 


0.5T - 30 




ns 


MSTB delay time 


*DAMSR 


T-30 




ns 


MSTB width, 
low 


tWMSLR 


T(n + 1) 
-30 




ns 


Address data 
output 


tDADW 


0.5T + 50 


ns 


Data output 
setup time 


tSDM 


T(n + 2) 
-50 




ns 


MSTB write 
delay time 


tuAMSW 


T(n + 0.5) 
-30 




ns 


MREQtaMSTB 
write delay 
time 


l DMRMSW 


T(n + 1) 
-35 




ns 


MSTB write 
width low 


tWMSLW 


T-30 




ns 


Data output 
hold time 


tHMDW 


0.5T - 50 




ns 


lOSTB delay time 


tDAIS 


0.5T-30 




ns 


lOSTB to data 
input 


tDISD 


T(i 


n + 1) 
-90 


ns 


iOSTB width, 
low 


%ISL 


T(n + 1) 
-30 




ns 


Address hold 
time 


tHISA 


0.5T - 30 




ns 


Input data 
hold time 


t-HISDR 







ns 


Output data 
setup time 


l SDIS 


T(n + 1) 
-50 




ns 


Output data 
hold time 


tHISDW 


0.5T - 30 




ns 


Next DMARQ 
setup time 


l SDADQ 




T 


ns Demand mode 


DMARQ hold 
time 


l H0ARQ 







ns Demand mode 


DMAAK read 
width, low 


tWDMRL 


T(n + 2.5) 
-30 




ns 


DMAAK write 
width, low 


tWDMWL 


T(n + 2) 
-30 




ns 


DMAAK to TC 
delay time 


tDDATC 


0.5T + 50 


ns 


TC width, low 


l WTCL 


2T-30 




ns 


REFRQ delay 
time 


tDARF 


0.5T - 30 




ns 


REFRQ width, 
low 


tWRFL 


T(n + 2) 
-30 




ns 


Address hold 
time 


tHRFA 


0.5T - 30 




ns 
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AC Characteristics (cont) 




Limits 


Test 


Parameter Symbol Nlin Max 


Unit Conditions 



RESET width low 



tWRSLI 30 



ms STOP/ 
POR 

(Power- 
on reset) 





%RSL2 


5 




/us System 
reset 


MREQ, IOSTB to READY 
setup time 


tsCRY 




T(n - 1) 
-100 


ns n>2 


MREQ, IOSTB to READY 
hold time 


f HCRY 


T(n) 




ns n>2 


Ready setup time 


l SRYK 


20 




ns 


Ready hold time 


l HKRY 


40 




ns 


HLDRQ setup time 


l SHQK 


30 




ns 


HLDAK output delay 


l DKHA 




80 


ns 


Bus control float to 
HLDAK i 


{ CFHA 


T-50 




ns 


HLDAK t to control output 
time 


tDHAC 


T-50 




ns 


HLDRQ to HLDAK delay 


tDHQHA 




3T + 160 


ns 


HLDRQ i to control float 


tDHQC 


3T + 30 




ns 


HLDRQ width, low 


{ WHQL 


1.5T 




ns 


HLDAK width, low 


%HAL 




T 


ns 


INTR DMARQ setup 


tsiQK 


30 




ns 


INTR DMARQ width, high 


twiQH 


8T 




ns 


INTR DMARQ width, low 


twiQL 


8T 




ns 


POLL setup time 


tSPLK 


30 




ns 


NMI width, high 


l WNIH 


5 




us 


NMI width, low 


l WNIL 


5 




us 


CTS width, low 


l WCTL 


2T 




ns 


INTR setup time 


tSIRK 


30 




ns 


INTAK delay time 


tDKIA 




80 


ns 


INTR hold time 


l HIAIQ 







ns 


INTAK width, low 


l WIAL 


2T-30 




ns 


INTAK width, high 


twiAH 


T-30 




ns 


INTAK to data delay 


tDIAD 




2T - 130 


ns 


INTAK to data hold 


tHIAD 





0.5T 


ns 


SCKO (TSCK) cycle time 


l CYTK 


1000 




ns 


SCKO (TSCK) width, high 


%STH 


450 




ns 


SCKO (TSCK) width, low 


%STL 


450 




ns 


TxD delay time 


*DTKD 




210 


ns 





Symbol 


Limits 




Test 


Parameter 


Min 


Max 


Unit Conditions 


CTS0 (RSCK) cycle time 


l CYRK 


1000 




ns 


CTS0 (RSCK) width, high 


l WSRH 


420 




ns 


CTS0 (RSCK) width, low 


%SRL 


420 




ns 


RxD setup time 


*SRDK 


80 




ns 


RxD hold time 


l HKRD 


80 




ns 



Notes: 

(1) T = CPU clock period (t CY K)- 

(2) n = number of wait states inserted. 

(3) For 5 MHz parts OuPD70320/322). 

(4) For 10 MHz parts OuPD70320/322-8). 

Supply Current vs Clock Frequency 



150 
140 
130 





Ta = 25°C 
Vdd = 5V 
Typ. Sample 






















ec. 
nt 
















Sp 
Po 




























Spec. 
Point 





























































































































































































4 5 6 7 

fCLK [MHz] 
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Figure 36. External System Clock Control Source 



Recommended Crystal Configuration 
10 pF 



10 pF T 

— ii L 



Note: 



Parallel- 
resonant 
crystal 



External Oscillator Configuration 
Osc ^°~ 



When using a quartz crystal, it is recommended that 15 pF capacity be used. 



Resonator and Capacitance 


Requirements 










Manufacturer 


Product Number 


Recommended 
CI (PF) 


Constants 
C2 (pF) 


Product Number 


Recommended 
CI (pF) 


Constants 
C2|pF) 


Kyocera 


KBR-10.0M 


33 


33 








Murata Manufacturing 


CSA.10.0MT 


47 


47 


CSA16.0MX040 


30 


30 


TDK 


FCR10.0M2S 


30 


30 


FCR16.0M2S 


15 


6 



Timing Waveforms 

Stop Mode Data Retention Timing 



AC Input Waveform 2 (RESET, NMI) 




0.8v/ 



\ 



*- tlRS 



— •• ■•— t|FS 



AC Input Waveform 1 (Except X1, X2, RESET, NMI) AC Output Test Point (Except CLKOUT) 




Clock In and Clock Out 




















CLKIN1 

[XI] -t 


••-tXR -♦ 


+- tXF 






/ 




* tWXH * 


^ ' \ 


/ 


\ 


Vo.8Vdd 
■\0.8V 




* twXL 








1 


<•— tKR 


~* 


"•-tKF 
2.2 V 

\mv 


CLKOUT 


S 




;' 


\ 


*....,. 


83-004308B 
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Timing Waveforms (cont) 

Memory Read 

| B1- 



CLKOUT 



ADDRESS 



R/W 



MREQ 



-B2- 



-B3- 



tCYK 



J^\ 



tDKA 



>^3£ 



X 



tHMRA-l- 



tDADR- 



■* »■ 



-tHMA 



7 



^^Z3 



t D Mt/ISR 



-*■ «* »■ 



tDMSD 



tHMD 



tDMRD" 



\ 



tDAMR--* *■ 



-tWMRL *• 



\ 



\ 



tscc *■ 



/ 'V 



MSTB 



IOSTB 



REFRQ 



DMAAK1- 
DMAAKO 



TC1-TC0 



\ / 



(•tDMRMSR*- 



-tWMSLR- 



tDMRTC 



\ 



-tWTCL 






f 



B3MB-00527SB 
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Timing Waveforms (cont) 

Memory Write 



CLKOUT 



Dis-Dq 



R/W 



MREQ 



MSTB 



REFRQ 



DMAAK1- 
DMAAKO 



TC1 - TCO 



-B1 



-B2- 



tCYK »- 



/^J 



X A 



tDADW 



\ 



tDAMR 



■tDKA 



tHMRA 



< 



■« *■ 



\ 



tDMRMSW 



X 



tDAMSW 



■« >■ 



-tSDM 



-tWMRL f 



X / 



-tWMSLW- 



tHMA 



L 



•* tscc *■ 



/ '\ 



tDMRTC 



\ 



-tWTCL 






f 
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Timing Waveforms (cont) 

I/O Read 



CLKOUT 



ADDRESS 



R/W 



MSTB 



IOSTB 



DMAAK1- 



-B1 1 B2- 



-B3 1 





< tCYK *- 






r^\ 


j^^y- 




■* *■ 


-tDKA 




> 


; > 




K 

-tHMA 






tHMRA - 


•+ >■ 






■« — '—. — * 






; ;> 












> 


tHMD 






-tDISD 


■« — *■- 




/ 


L 


-* — ton 


IRD 








k 








< tscc — 






r 




J 






\ 


L \ 


^ 














tDAIS- 


** *■ 


. y 








*«-tDMRIS-»- 


L 






y* twiSL — H 




J 


\ 




















5 


\ 



83MB-005278B 
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Timing Waveforms (cont) 

I/O Write 



ADDRESS 



Dl5" D 



R/W 



MSTB 



REFRQ 



DMAAK1- 
DMAAKO 



I B1- 

«« tCYK 



-B2- 



-B3 1 



a A 



tDADW- 



X 



-tDKA 



tHMRA- 



tDAMR--* *• 



\ 



-tSDM- 



-tWMRL- 



-tDAIS 






tHMA 



/ 



■tscc *- 



/ 'V 



\ I 



tDMRIS-H 



tWISL H 
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Timing Waveforms (cont) 

DMA, I/O to Memory 



CLKOUT 



ADDRESS 



MREQ 



MSTB 



DMARQO- 
DMARQ1 



DMAAK1- 
DMAAKO 



TC1-TC0 



I B1- 



-B2- 



-B3- 



/ 



tCYK »• 



>^^ 



\ 



-tDKA 



tHMRA 



tDAMR--« »• 



\ 



X 



X 



« — H tDAMSW 



*« DMRMSW*- 



-tWMRL >■ 



\ / 



-tWMSLW- 



tHMA 



z 



tscc *■ 



/ s \ 



-»SDADQ 
tHDADQ 



\ 



-tWDMRL- 



tDMRTC 



\ 



-tWTCL 



TX 



83MB-OO5280B 
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Timing Waveforms (cont) 

DMA, Memory to I/O 



CLKOUT 



ADDRESS 



°15- D 



R/W 



MREQ 



MSTB 



IOSTB 



DMARQO- 
DMARQ1 



DMAAK1- 
DMAAKO 



TC1-TC0 



-B1 



-B2- 



-B3- 



tCYK 



xzzx 



7 



-tDKA 



tHMRA 



tDAMR--* -*i 



\ 



\ 



X 



"•— *MDAMSR 



"UDMRMSR 



-tWMRL— »■ 



\ / 



-tWMSLR 



« ». 



tHMA 



\ 



* tscc 



/ '\ 



-tSDADQ 
tHDADQ- 



\ 



-tWDMWL- 



tDMRTC 



\ 



-tWTCL- 
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Timing Waveforms (cont) 

Refresh 



CLKOUT 



ADDRESS 



Di=-Dn 



tCYK 



/ 



-tDKA 



X 



-B2- 



-B3 1 



X 



tHRFA 



7 



t 



MREQ 



-tscc 



\ 



IOSTB 



REFRQ 



DMAAK1- 
DMAAKO 



tDARF--* *■ 



\ 



h* tWRFL- 






83MB-005282B 
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Timing Waveforms (cont) 



RESET 1 
















CLKOUT 








— ^^Y^y- 




< 




; 


RESET 


^ 


/ 




83-00431 6B 













RESET 2 



CLKOUT 



•« tWRSL2 •■*■ 



\ Y 



READY Timing 1 



(R/W) 



B1 B2/BAW BAW BAW/B2 B3 
1 I 1 1 1 



ADDRESS 



__X_ZX 



MREQ 



\ 



l HCRY 

_t SCRY *■ 



l SRYK 



7~\ 



r HKRY 



X 



/ 
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Timing Waveforms (cont) 

READY Timing 2 



B1 B2/BAW BAW BAW/BW BW/B2 B3 

(WW) I 1 1 1 1 1 1 



IXZZX 



MREQ 



\ 



tHCRY" 

-tSCRY *■ 



l SRYK 



1 



l HKRY _ 



l SRYK 



/ 



l HKRY- 



\ 



X 



/ 



HLDRQ/HLDAK 1 



tSHQK 
»- 



tDKHA- 



tSHQK - 



\ 



> 



tCFHA 

^ »i 



\ 



*Ai9-Ao, D7-D0, MREQ, MSTB, IOSTB, R/W 



•WHQL- 



tDHQHA- 



-«WHAL- 



lC 



tDHAC 



/ 
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Timing Waveforms (cont) 



HLDRQ/HLDAK 2 



CLKOUT 



HLDRQ 



tDKHA 



/ 



\ 



tSHQK 



A19-A0, D7-D0, MREQ, MSTB, IOSTB, R/W 



/ 



-tWHQL- 



-tDHQC- 



t 



INTP, DMARQ Input 



INTP, 
DMARQ* 



/ 



tSIQK 



*INTP2-INTP0, DMARQ1-DMARQ0 



-twiQH- 



- 



tSIQK 



-twiQL- 



POLL Input 



tSPLK 



/ 



tSPLK 



\ 
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Timing Waveforms (cont) 

NMI Input 



A 



-tWNIH- 



\ 



tWNIL 



r 



CTS Input 












CLKOUT 
CTS1-CTS0 










83-004325B 


_J 


\ 


k 















INTR/INTAK 



+— *SIRK 



D7-D0 



MREQ 
IOSTB 



K 



tDKIA tHIAIQ 

■< ► ■* 



/ 



\ r^ / 



- tWIAL »■ 



tHIAD 



tSCC 
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Timing Waveforms (cont) 

Serial Transmit 



CLKOUT 



SCKO 



TXD 



\ 



X 



♦tDTKD-^ 



tCYTK- 



/ 



tWSTL 



\ 



-tWSTH »■ 



< >■ 



-tHTKD 



:c 



83MB-005283B 



Serial Receive 



CLKOUT 



CTSO 



RXD 



-tCYRK- 



\ / 



-tWSRL- 



X 



-tSRDK- 



-tWSRH 



-tHKRD- 



\ 



X 



83MB-005284B 
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Instruction Set 

Instructions, grouped according to function, are 
described in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary 
information applicable to the instruction set is con- 
tained in the following tables. 

• Symbols and Abbreviations 

• Flag Symbols 

• 8- and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1 ) and reg (000 to 1 1 1 ) . 

• Segment Registers. The segment register is speci- 
fied in the operation code by sreg (00,01, 10, or 11). 

• Memory Addressing. The memory addressing mode 
is specified in the operation code by mod (00, 01 , or 
10) and mem (000 through 111). 

• Instruction Clock Count. This table gives formulas 
for calculating the number of clock cycles occupied 
by each type of instruction. The formulas, which 
depend on byte/word operand and RAM enable/dis- 
able, have variables such as EA (effective address), 
W (wait states), and n (iterations or string instruc- 
tions). 

Symbols and Abbreviations 



Identifier 



Description 



Identifier 


Description 


reg 


8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


dmem 


8- or 16-bit direct memory location 


mem 


8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


sfr 


8-bit special function register location 


imm 


Constant (0 to FFFFH) 


imm16 


Constant (0 to FFFFH) 


imm8 


Constant (0 to FFH) 


imm4 


Constant (0 to FH) 


imm3 


Constant (0 to 7) 


ace 


AW or AL register 


sreg 


Segment register 


src-table 


Name of 256-byte translation table 


src-block 


Name of block addressed by the IX register 



dst-block 


Name of block addressed by the IY register 


near-proc 


Procedure within the current program segment 


far-proc 


Procedure located in another program segment 


near-label 


Label in the current program segment 


short-label 


Label between -128 and +127 bytes from the end 
of instruction 


far-label 


Label in another program segment 


memptr16 


Word containing the offset of the memory location 
within the current program segment to which control 
is to be transferred 


memptr32 


Double word containing the offset and segment base 
address of the memory location to which control is to 
be transferred 


regptr16 


16-bit register containing the offset of the memory 
location within the program segment to which control 
is to be transferred 


pop-value 


Number of bytes of the stack to be discarded (0 to 
64K bytes, usually even addresses) 


fp-op 


Immediate data to identify the instruction code of the 
external floating point operation 


R 


Register set 


W 


Word/byte field (0 to 1) 


reg 


Register field (000 to 111) 


mem 


Memory field (000 to 111) 


mod 


Mode field (00 to 10) 


S:W 


When S:W - 01 or 11, data = 16 bits. At all 
other times, data = 8 bits. 


X, XXX, YYY, ZZZData to identify the instruction code of the 
external floating point arithmetic chip 


AW 


Accumulator (16 bits) 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


BP 


Base pointer register (16 bits) 


BW 


BW register (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


CW 


CW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


DW 


DW register (16 bits) 


DH 


DW register (high byte) 


DL 


DW register (low byte) 


SP 


Stack pointer (16 bits) 


PC 


Program counter (16 bits) 


PSW 


Program status word (16 bits) 
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Symbols and Abbreviations (cont) 



Flag Symbols 



Identifier 


Description 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


PS 


Program segment register (16 bits) 


SS 


Stack segment register (16 bits) 


DS 


Data segment register (16 bits) 


DSi 


Data segment 1 register (16 bits) 


AC 


Auxiliary carry flag 


CY 


Carry flag 


P 


Parity flag 


S 


Sign flag 


Z 


Zero flag 


DIR 


Direction flag 


IE 


Interrupt enable flag 


V 


Overflow flag 


BRK 


Break flag 


MD 


Mode flag 


(...) Values in parentheses are memory contents 


disp 


Displacement (8 or 16 bits) 


ext-disp8 


16-bit displacement (sign-extension byte 
+ 8-bit displacement) 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1-bit) 


seg 


Immediate segment data (16 bits) 


offset 


Immediate offset data (16 bits) 


*- 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


-5- 


Division 


% 


Modulo 


AND 


Logical product 


OR 


Logical sum 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 



Identifier Description 


(blank) No change 


Cleared to 


1 Set to 1 


X Set or cleared accord 


ing to the result 


U Undefined 


R Value saved earlier is 


restored 


8- and 16-Bit Registers (mod = 11) 


reg W = 


W = 1 


000 AL 


AW 


001 CL 


CW 


010 DL 


DW 


011 BL 


BW 


100 AH 


SP 


101 CH 


BP 


110 DH 


IX 


111 BH 


IY 


Segment Registers 


sreg Register 


00 DSi 


01 PS 


10 SS 


11 DSn 


Memory Addressing 


mem mod = 00 mod = 01 


mod = 10 


000 BW + IX BW + IX + disp8 


BW + IX + disp16 


001 BW -MY BW -MY + disp8 


BW + IY + disp16 


010 BP + IX BP + IX + disp8 


BP + IX + disp16 


011 BP + IY BP + IY + disp8 


BP + IY + disp16 


100 IX IX + disp8 


IX + disp16 


101 IY IY + disp8 


IY + disp16 


110 Direct BP + disp8 


BP + disp16 


111 BW BW + disp8 


BW + disp16 
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Instruction Clock Count 



Mnemonic Operand 



Clocks 



ADD 



reg8, reg8 
reg16, reg16 


2 
2 




reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 




mem8, reg8 
mem16, reg16 


EA+10+2W 
EA+10+2W 


[EA+7+W] 
[EA+7+W] 


reg8, imm8 
reg16, imm8 
reg16, imm16 


5 
5 
6 




mem8, imm8 
mem16, imm8 
mem16, imm16 


EA+11+2W 

EA+9+2W 

EA+12+2W 


[EA+9+2W] 
[EA+7+2W] 
[EA+8+2W] 



Mnemonic 


Operand 


Clocks 


BRK 


3 
imm8 


50+5W [38+5W] 
51+5W [39+5W] 


BRKCS 




15 


BRKV 




50+5W [38+5W] 


BTCLR 




29 


BUSLOCK 




2 



CALL 





AL, 
AW, 


imm8 
imm16 


5 
6 


ADD4S 






22+(30+3W)n [22+(28+3W)n] 


ADDC 






Same as ADD 


ADJ4A 






9 


ADJ4S 






9 


ADJBA 






17 


ADJBS 






17 



AND 



reg8, reg8 
reg16, reg16 



reg8, mem8 
reg16, mem16 



EA+7+W 
EA+7+W 



CMP 



mem8, reg8 
mem16, reg16 



EA+10+2W [EA+7+W] 
EA+10+2W [EA+7+W] 



reg8, imm8 
regie, imm16 



mem8, imm8 
mem16, imm16 



EA+11+2W [EA+9+2W] 
EA+12+2W [EA+8+2W] 



Bcond (conditional branch) 



8 or 15 



BCWZ 



8 or 15 



BR 



near-label 
short-label 



regptr16 
memptr16 



13 
EA+16+W 



far-label 
memptr32 



15 
EA+23+2W 



Notes: 

(1) If the number of clocks is not the same for RAM enabled and 
RAM disabled conditions, the RAM enabled value is listed first, 
followed by the RAM disabled value in brackets; for example, 
EA+8+2W [EA+6+W]. 

(2) Symbols in the Clocks column are defined as follows. 

EA = additional clock cycles required for calculation of the 
effective address 

= 3 (mod 00 or 01 ) or 4 (mod 10) 

W = number of wait states selected by the WTC register 

n = number of iterations or string instructions 



near-proc 
regptr16 



21+W [17+W] 
21+W [17+W] 



memptr16 EA+24+2W [EA+22+2W] 

far-proc 36+2W [32+2W] 

memptr32 EA+32+4W [EA+20+4W] 



CHKIND 




EA+24+2W 


CLR1 


CY 
DIR 


2 
2 




reg8, CL 
reg16, CL 


8 
8 




mem8, CL 
mem16, CL 


EA+16+2W [EA+13+W] 
EA+16+2W [EA+13+W] 




reg8, imm3 
reg16, imm4 


7 
7 



mem8, imm3 
mem16, imm4 



EA+13+2W [EA+10+W] 
EA+13+2W [EA+9+W] 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 


mem8, reg8 
mem16, reg16 


EA+7+W 
EA+7+W 


reg8, imm8 
reg16, imm8 
reg16, imm16 


5 
5 
6 


mem8, imm8 
mem16, imm8 
mem16, imm16 


EA+8+W 
EA+9+W 
EA+9+W 





AL, imm8 
AW, imm16 


5 
6 


CMP4S 




22+(25+2W)n 


CMPBK 


mem8, mem8 
mem16, mem16 


25+2W [21+2W] 
25+2W [19+2W] 



55 



//PD70330/332 (V35) 



NEC 



Instruction Clock Count (cont) 



Mnemonic 


Operand 


Clocks 


CMPBKB 




16+(23+2W)n 


CMPBKW 




16+(23+2W)n 


CMPM 


mem8 
mem16 


18+W 
19+2W 


CMPMB 




16+(16+W)n 


CMPMW 




16+(16+2W)n 


CVTBD 




19 


CVTBW 




3 


CVTDB 




20 


CVTWL 




8 


DBNZ 




8 or 17 


DBNZE 




8 or 17 


DBNZNE 




8 or 17 


DEC 


reg8 
reg16 


5 
2 




mem8 
mem16 


EA+13+2W [EA+11+2W] 
EA+13+2W [EA+9+2W] 


Dl 




4 


DISPOSE 




11+W 


DIV 


AW, reg8 
AW, mem8 


46-56 

EA+49+W to EA+59+W 




DW:AW, reg16 
DW:AW, mem16 


54-64 

EA+57+W to EA+67+W 


DIVU 


AW, reg8 
AW, mem8 


31 
EA+34+W 




DW:AW, reg16 
DW:AW, mem16 


39 
EA+43+2W 


DSO: 




2 


DS1: 




2 


El 




1 ? 


EXT 


reg8, reg8 
reg8, imm4 


41-121 
42-122 


FINT 




2 


FP01 




55+5W [43+5W] 


FP02 




55+5W [43+5W] 


HALT 




N/A 


IN 


AL, imm8 
AW, imm8 


15+W 
15+W 




AL, DW 
AW.DW 


14+W 
14+W 


INC 


reg8 
reg16 


5 
2 




mem8 
mem16 


EA+13+2W [EA+11+2W] 
EA+13+2W [EA+9+2W] 



Mnemonic 


Operand 


Clocks 


INM 


mem8, DW 
mem16, DW 


21+2W [19+2W] 
19+2W [15+2W] 




mem8, DW 
mem16, DW 


18+(15+2W)n [18+(13+2W)n] 
18+(13+2W)n [18+(9+2W)n] 


INS 


reg8, reg8 
reg8, imm4 


63-155 
64-156 


LDEA 




EA+2 


LDM 


mem8 


13+W 




mem16 


13+W 


LDMB 


mem16 


16+(11+W)n 


LDMW 


mem8 


16+(10+W)n 


MOV 


reg8, reg8 
reg16, reg16 


2 
2 




reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 




mem8, reg8 
mem16, reg16 


EA+5+W [EA+2] 
EA+5+W [EA+2] 




reg8, imm8 
regie, imm16 


5 
6 




mem8, imm8 
mem16, imm16 


EA+6+W 
EA+6+W 




AL, dmem8 
AW, dmem16 


10+W 
10+W 




dmem8, AL 
dmem16, AW 


8+W [5] 
8+W [5] 




sreg, reg16 
sreg, mem16 


4 
EA+9+W 




reg16, sreg 
mem16, sreg 


3 

EA+6+W [EA+3] 




AH, PSW 
PSW, AH 


2 
3 




DSO, reg16, memptr32 
DS1, reg16, memptr32 


EA+17+2W 
EA+17+2W 


MOVBK 


mem8, mem8 
mem16, mem16 


22+2W [17+W] 
22+2W [17+W] 


MOVBKB 


mem8, mem8 


16+(18+2W)n [16+(13+W)n] 


MOVBKW 


mem16, mem16 


16+(18+2W)n [16+(10+W)n] 


MOVSPA 




16 


MOVSPB 




11 


MUL 


AW, AL, reg8 
AW, AL, mem8 


31-40 

EA+34+W to EA+43+W 




DW:AW,AW, reg16 
DW:AW, AW, mem16 


39-48 

EA+42+W to EA+51+W 




reg16, reg16, imm8 
regie, mem16, imm8 


39-49 

EA+42+W to EA+52+W 




reg16, reg16, imm16 
reg16, mem16, imm16 


40-50 

EA+43+W to EA+53+W 



56 



NEC 



//PD70330/332 (V35) 



Instruction Clock Count (cont) 



Mnemonic 


Operand 


Clocks 




MULU 


reg8 
mem8 


24 
EA+27+W 






reg16 
mem16 


32 
EA+33+W 




NEG 


reg8 
reg16 


5 
5 






mem8 
mem16 


EA+13+2W 
EA+13+2W 


[EA+10+W] 
[EA+10+W] 


NOP 




4 




NOT 


reg8 
reg16 


5 
5 






mem8 
mem16 


EA+13+2W 
EA+13+2W 


[EA+10+W] 
[EA+10+W] 


N0T1 


CY 


2 






reg8, CL 
reg16, CL 


7 
7 






mem8, CL 
mem16, CL 


EA+15+2W 
EA+15+2W 


[EA+12+W] 
[EA+12+W] 




reg8, imm3 
reg16, imm4 


6 
6 






mem8, imm3 
mem16, imm4 


EA+12+2W 
EA+12+2W 


[EA+9+W] 
[EA+9+W] 


OR 


reg8, reg8 
reg16, reg16 


2 
2 






reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 






mem8, reg8 
mem16, reg16 


EA+10+2W 
EA+10+2W 


[EA+7+W] 
[EA+7+W] 




reg8, imm8 
reg16, imm16 


5 
6 






mem8, imm8 
mem16, imm16 


EA+11+2W 
EA+12+2W 


[EA+9+2W] 
[EA+8+2W] 




AL, imm8 
AW, imm16 


5 
6 




OUT 


imm8, AL 
imm8, AW 


11+W 
9+W 






DW.AL 
DW.AW 


10+W 
8+W 




OUTM 


DW, mem8 
DW, mem16 


21+2W [19+2W] 
19+2W [15+2W] 




DW, mem8 
DW, mem16 


18+(15+2W)n [18+(13+2W)n] 
18+(13+2W)n [18+(9+2W)n] 


POLL 




N/A 




POP 


reg16 

mem16 


11+W 
EA+14+2W 


[EA+11+W] 




DS1 
SS 


12+W 
12+W 






DSO 
PSW 


12+W 
13+W 






R 


74+8W [58] 





Mnemonic 


Operand 


Clocks 


PREPARE 


imm16, imm8 


imm8 = 0: 26+W 

imm8 = 1: 37+2W 

imm8 = n > 1: 44+19 (n-1)+2nW 


PS: 




2 


PUSH 


reg16 
mem16 


13+W [9+W] 
EA+16+2W [EA+12+2W] 




DS1 
PS 


10+W [7] 
10+W [7] 




SS 
DSO 


10+W [7] 
10+W [7] 




PSW 
R 


9+W [6] 
74+8W [50] 




imm8 
imm16 


12+W [9] 
13+W [10] 


REP 




2 


REPE 




2 


REPZ 




2 


REPC 




2 


REPNC 




2 


REPNE 




2 


REPNZ 




2 


RET 


null 
pop-value 


19+W 
19+W 




null 
pop-value 


27+2W 
28+W 


RETI 




40+3W [34+W] 


RETRBI 




12 


ROL 


reg8, 1 
reg16, 1 


8 
8 




mem8, 1 
mem16, 1 


EA+16+2W [EA+13+W] 
EA+16+2W [EA+13+W] 




reg8, CL 
reg16, CL 


11+2n 
11+2n 




mem8, CL 
mem16, CL 


EA+19+2W+2n [EA+16+W+2n] 
EA+19+2W+2n [EA+16+W+2n] 




reg8, imm8 
reg16, imm8 


9+2n 
9+2n 




mem8, imm8 
mem16, imm8 


EA+15+2W+2n [EA+12+W+2n] 
EA+15+2W+2n [EA+12+W+2n] 


ROL4 


reg8 
mem8 


17 

EA+20+2W [EA+18+2W] 


ROLC 




Same as ROL 


ROR 




Same as ROL 


ROR4 


reg8 
mem8 


21 

EA+26+2W [EA+24+2W] 


RORC 




Same as ROL 


SET1 


CY 
DIR 


2 
2 
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Instruction Clock Count (cont) 



Mnemonic 


Operand 




Clocks 


SET1 (cont) reg8, CL 
reg16, CL 




7 
7 




mem8, CL 
mem16, CL 




EA+15+2W [EA+12+W] 
EA+15+2W [EA+12+W] 




reg8, imm3 
reg16, imm4 




6 
6 




mem8, imm3 
mem16, imm4 




EA+12+2W [EA+9+W] 
EA+12+2W [EA+9+W] 


SHL 




Same 


asROL 


SHR 




Same 


asROL 


SHRA 




Same 


as ROL 


SS: 






2 


STM 


mem8 
mem16 




13+W [10] 
13+W [10] 


STMB 


mem8 




16+(9+W)n [16+(7+W)n] 


STMW 


mem16 




16+(9+W)n [16+(5+W)n] 


STOP 






N/A 


SUB 




Same 


as ADD 


SUB4S 






22+(30+3W)n [22+(28+3W)n] 


SUBC 




Same 


as ADD 


TEST 


reg8, reg8 
reg16, reg16 




4 
4 




reg8, mem8 
reg16, mem16 




EA+12+W 
EA+11+2W 




mem8, reg8 
mem16, reg16 




EA+12+W 
EA+11+2W 




reg8, imm8 
reg16, imm16 




7 
8 




mem8, imm8 
mem16, imm16 




EA+9+W 
EA+10+W 




AL, imm8 
AW, imm16 




5 
6 


TEST1 


reg8, CL 
regie, CL 




7 
7 




mem8, CL 
mem16, CL 




EA+12+W 
EA+12+W 




reg8, imm3 
reg16, imm4 




6 
6 




mem8, imm3 
mem16, imm4 




EA+9+W 
EA+9+W 


TRANS 






11+W 


TRANSB 






11+W 


TSKSW 






20 



Mnemonic 


Operand 


Clocks 


XCH 


reg8, reg8 
reg16, reg16 


3 
3 




reg8, mem8 
reg16, mem16 


EA+12+2W [EA+9+W] 
EA+12+2W [EA+9+W] 




mem8, reg8 
mem16, reg16 


EA+12+2W [EA+9+W] 
EA+12+2W [EA+9+W] 




AW, reg16 
reg16, AW 


4 
4 


XOR 




Same as AND 
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NEC 



//PD70330/332 (V35) 



Instruction Clock Count for Operations 








Byte 


Word 




RAM Enable 


RAM Disable 


RAM Enable 


RAM Disable 


Context switch interrupt 






- 


- 


27 


27 


DMA (Single-step mode) 






20 + 2W 


20 + 2W 


20 + 2W 


20 + 2W 


DMA (Demand release mode) 






17.5 + W+ 
(13+W).(n-1) 


17.5 + W+ 
(13+W).(n-1) 


17.5 + W+ 
(13+W).(n-1) 


17.5 + W+ 
(13+W).(n-1) 


DMA (Burst mode) 






20.5 + 2W+ 
(16+2W).(n-1) 


20.5 + 2W+ 
(16+2W).(n-1) 


20.5 + 2W+ 
(16+2W).(n-1) 


20.5 + 2W+ 
(16+2W).(n-) 


DMA (Single-transfer mode) 






19.5 + W 


19.5 +W 


17 + W 


17 + W 


Interrupt (INT pin) 






- 


- 


57 + 3W 


57 + 3W 


Macro service, sfr - mem 






25 + W 


20 + W 


25 +W 


20 + W 


Macro service, mem — sfr 






22 + W 


21 +W 


22 + W 


21 + W 


Macro service (Search char mode), 


sfr — 


mem 


28 + W 


28 + W 


- 


- 


Macro service (Search char mode), 


mem 


-sfr 


38 + W 


35 + W 


- 


- 


Priority interrupt (Vectored mode) 






- 


- 


55 + 5W 


55 + 5W 


NMI (Vectored mode) 






- 


- 


53 + 5W 


53 + 5W 



W = number of wait states inserted into external bus cycle 

n = number of iterations 

N = number of clocks to complete the instruction currently executing 

Notes: 

(1) Every interrupt (except NMI) has an additional associated 
latency time of 27 + N clocks. During the 27 clocks, the interrupt 
controller performs some overhead tasks such as arbitrating 
priority. This time should be added to the above listed interrupt 
and macro service execution times. NMI latency time is 18 + N 
clocks. 

Pin Request Latency 



Clocks 


Source 


Typ 




Max 


NMI pin 


12 + N 




18 + N 


INT pin 


8 + N 




8 + N 


All other interrupts 


15 + N 




27 + N 


DMARQpin 






14 + N 


HLDRQ pin 






7 + 2W 



(2) The DMA and macro service clock counts listed are the required 
number of CPU clocks for each transfer. 

(3) When an external interrupt is asserted, a maximum of 6 clocks is 
required for internal synchronization before the interrupt request 
flag is set. For an internal interrupt, a maximum of 2 clocks 
is required. 
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Instruction Set 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No. of Flags 

Bytes AC CY V P S Z 


Data Transfer 



MOV 



XCH 



reg, reg 


reg -«-reg 




1 











1 





1 


w 


1 1 




reg 


reg 


2 


mem, reg 


(mem) •*— reg 




1 











1 








w 


mod 




reg 


mem 


2-4 


reg, mem 


reg •«— (mem) 




1 











1 





1 


w 


mod 




reg 


mem 


2-4 


mem, imm 


(mem) ■*— imm 




1 


1 











1 


1 


w 


mod 








mem 


3-6 


reg, imm 


reg •*— imm 




1 





1 


1 


w 




reg 












2-3 


ace, dmem 


When W = AL «- (dmem) 

When W = 1 AH «- (dmem + 1), AL « 


— (dmem) 


1 





1 














w 










3 


dmem, ace 


When W = (dmem) *- AL 

When W = 1 (dmem + 1) — AH, (dme 


m)^AL 


1 





1 











1 


w 










3 


sreg, reg16 


sreg — reg16 sreg : SS, DSO, DS1 




1 











1 


1 


1 





1 1 





sreg 


reg 


2 


sreg, mem16 


sreg +- (mem16) sreg : SS, DSO, DS1 




1 











1 


1 


1 





mod 





sreg 


mem 


2-4 


reg16, sreg 


reg16 +- sreg 




1 











1 


1 








1 1 





sreg 


reg 


2 


mem16, sreg 


(mem16) •*— sreg 




1 











1 


1 








mod 





sreg 


mem 


2-4 


DSO, reg16, 
mem32 


reg16 *- (mem32) 
DSO *- (mem32 + 2) 




1 


1 











1 





1 


mod 




reg 


mem 


2-4 


DS1,reg16, 
mem32 


reg16 ♦- (mem32) 
DS1 «- (mem32 + 2) 




1 


1 











1 








mod 




reg 


mem 


2-4 


AH, PSW 


AH <*- S, Z, x, AC, x, P, x, CY 




1 








1 


1 


1 


1 


1 










1 





PSW, AH 


S, Z, x, AC, x, P, x, CY — AH 


10 11110 






1 


x 


X 


XXX 


LDEA 


reg16, mem16 


reg16 ■*— mem16 


1 1 1 1 mod 


reg 


mem 


2-4 








TRANS 


src-table 


AL — (BW + AL) 


110 10 111 






1 









reg, reg 


reg •* — *■ reg 


1 1 1 W 1 1 


reg 


reg 


2 


mem, reg 
or reg, mem 


(mem) •* — *■ reg 


1 1 1 W mod 


reg 


mem 


2-4 





AW, reg16 
or reg16, AW 


AW < — > reg16 


1 1 reg 1 


Repeat Prefixes 


REPC 




While CW ?# 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, 
it is processed. When CY ¥= 1, exit the loop. 


110 10 1 1 


REPNC 




While CW # 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, 
it is processed. When CY # 0, exit the loop. 


110 10 1 



^ 
O 
si 
O 
d) 

w 
o 
s, 

CO 

o 

10 

< 
o 

01 
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Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 

7 6 5 4 3 2 1 



7 6 5 4 3 2 10 



No. of Flags 

Bytes AC CY V P 



Repeat Prefixes (cont) 



REP 

REPE 

REPZ 



While CW ^ 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 
is CMPBK or CMPM and Z * 1, exit the loop. 



11110 11 



REPNE 
REPNZ 



While CW ^ 0, the next byte of the primitive block 
transfer instruction is executed and CW is 
decremented (- 1). If there is a waiting interrupt, it is 
processed. If the primitive block transfer instruction 
is CMPBK or CMPM and Z ^ 0, exit the loop. 



11110 10 



Primitive Block Transfer 



M0VBK dst-block, 

src-block 



When W = (IY) *- (IX) 
DIR = 0:IX«-IX + 1,IY«-IY + 1 
DIR = 1: IX -•— IX — 1, IY -•— IY — 1 

When W = 1 (IY + 1, IY) «- (IX + 1, IX) 
DIR = 0: IX — IX + 2, IY «- IY + 2 
DIR = 1:IX«-IX-2,IY — IY — 2 



1 1 1 W 



CMPBK src-block, 

dst-block 



INS reg8, i 



When W - (IX) - (IY) 
DIR = 0:IX«-IX + 1,IY — IY + 1 
DIR = 1:IX--IX-1,IY — IY-1 

When W = 1 (IX + 1. IX) - (IY + 1, IY) 
DIR = 0: IX «- IX + 2, IY «- IY + 2 
DIR = 1:IX«-IX-2,IY«-IY-2 



1 1 1 1 W 



16-Bit fields AW 



0000111100110001 
1 1 reg reg 



1 x x x x x x 



CMPM dst-block 


When W = AL - (IY) 

DIR = 0: IY <— IY + 1; DIR = 1: IY <— IY - 1 
WhenW = 1AW-(IY + 1,IY) 

DIR - 0: IY — IY + 2; DIR = 1: IY «- IY - 2 


1 


1 1 1 W 


1 X X X X X X 


LDM src-block 


When W = AL — (IX) 

DIR = 0: IX *- IX + 1; DIR = 1: IX — IX - 1 
WhenW = 1AW«-(IX + 1,IX) 

DIR = 0: IX — IX + 2; DIR = 1: IX «- IX - 2 


1 


1 1 W 


1 


STM dst-block 


When W = (IY) *- AL 

DIR = 0: IY <- IY + 1; DIR = 1: IY ^ IY - 1 
WhenW = 1(IY + 1,IY)«-AW 

DIR = 0: IY +- IY + 2; DIR = 1: IY «— IY - 2 


1 


1 1 W 


1 


Bit Field Transfer 



reg8, imm4 



16-Bit field — AW 



0000111100111001 
110 reg 



m 



Instruction Set (cont) 



Mnemonic 



Operand 



Operation 



Operation Code 
7 6 5 4 3 2 



10 7 6 5 4 3 2 10 



No. of Flags 

Bytes AC CY V P S 



Bit Field Transfer (cont) 



EXT 


reg8, reg8 


AW ^16-Bit field 










1 






reg 


1 


1 


110 
reg 


1 


11 


3 




reg8, imm4 


AW +- 16-Bit field 











1 










1 



1 


110 
reg 


1 


10 11 


4 


I/O 


IN 


ace, imm8 


When W = AL «- (imm8) 
When W = 1 AH «- (imm8 + 1), 


AL- 


«— (imm8) 




1 


1 








1 


W 






2 




ace, DW 


When W = AL <- (DW) 

When W = 1 AH «- (DW + 1), AL «- 


■(DW) 




1 


1 





1 


1 


W 






1 


OUT 


imm8, ace 


When W = (imm8) «- AL 
WhenW = 1(imm8 + 1)«-AH, 


(imm8) •«- AL 




1 


1 








1 


1 W 






2 




DW, ace 


When W = (DW) *- AL 








1 


1 





1 


1 


1 W 






1 



When W = 1 (DW + 1) <— AH, (DW) *- AL 



Primitive Block I/O Transfer 


INM dst-block, DW 


When W = (IY) «- (DW) 

DIR = 0: IY — IY + 1; DIR = 1 : IY «- IY - 1 
When W = 1 (IY + 1, IY) *- (DW + 1, DW) 

DIR = 0: IY *- IY + 2; DIR = 1: IY «- IY - 2 


1 


1 1 1 W 


1 


OUTM DW, src-block 


When W = (DW) «- (IX) 

DIR = 0: IX *- IX + 1; DIR = 1: IX «- IX - 1 
When W = 1 (DW + 1, DW) *- (IX + 1, IX) 

DIR = 0: IX *- IX + 2; DIR = 1: IX «- IX - 2 


1 


1 1 1 1 W 

n: number of transfers 


1 


Addition/Subtraction 



ADD 



reg, reg 


reg <- reg + reg 


1 


W 1 1 




reg 




reg 


2 


X 


X 


X X 


X 


X 


mem, reg 


(mem) ■*— (mem) + reg 





W mod 




reg 




mem 


2-4 


X 


X 


X X 


X 


X 


reg, mem 


reg •«— reg + (mem) 


1 


W mod 




reg 




mem 


2-4 


X 


X 


X X 


X 


X 


reg, imm 


reg ■*— reg + imm 


1 S 


W 1 1 











reg 


3-4 


X 


X 


X X 


X 


X 


mem, imm 


(mem) ■*— (mem) + imm 


1 s 


W mod 











mem 


3-6 


X 


X 


X X 


X 


X 



ace, imm 



When W = AL < 
WhenW = 1AW 



• AL + imm 
- AW + imm 



1 W 



2-3 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 

7 6 5 4 3 2 1 



7 6 5 4 3 2 10 



No. of Flags 

Bytes AC CY V P S Z 



Addition/Subtraction (cont) 



ADDC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



ace, imm 



reg *— reg + reg + CY 



1 1 W 1 1 



reg 



reg 



(mem) •«— (mem) + reg + CY 



1 W mod 



reg 



reg «— reg ■+ (mem) + CY 



1 1 W mod 



reg 



reg «— reg + imm + CY 



100000SW11010 



reg 



(mem) •*— (mem) + imm + CY 



1 S W mod 1 



When W = AL « 
When W = 1 AW 



AL + imm + CY 
- AW + imm + CY 



1 1 W 



x x x x 



2-4 



X X X X 



2-4 



X X X X 



3-4 



X X X X 



3-6 



X X X X 



2-3 



X X X X 



SUB 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



reg — reg - reg 



1 1 1 W 1 1 



reg 



reg 



(mem) — (mem) - reg 



1 1 W mod 



reg 



reg — reg - (mem) 



1 1 1 W mod 



reg 



reg *— reg - imm 



100000SW11101 



reg 



(mem) +— (mem) - imm 



1. S W mod 1 1 



When W = AL — AL - imm 
When W = 1 AW — AW - imm 



1 1 1 W 



x x x x 



2-4 



X X X X 



2-4 



X X X X 



3-4 



X X X X 



3-6 



X X X X 



2-3 



X X X X 



SUBC 



reg, reg 



mem, reg 



reg, mem 



reg, imm 



mem, imm 



reg 



reg - reg - CY 



1 1 1 W 1 1 



reg 



reg 



(mem) •«— (mem) - reg - CY 



1 1 W mod 



reg 



reg 



reg - (mem) - CY 



1 1 1 W mod 



reg 



reg <— reg - imm - CY 



100000SW11011 



reg 



(mem) 



(mem) - imm - CY 



100000SWmod011 



WhenW = 0AL« 
When W = 1 AW 



AL-imm-CY 
-AW-imm-CY 



1 1 1 W 



B 



X X X X 



2-4 



X X X X 



2-4 



3-4 



X X X X 



3-6 



X X X X 



2-3 



X X X X 



O 
^ 
O 
CO 
CO 

o 

CO 
CO 
10 

< 

CO 
Ol 



g Instruction Set (cont) 



Mnemonic Operand 


Operation 


Operation Code 
765432107654 


3 2 10 


No. Of 

Bytes 


AC 


Flags 
CY V P S Z 


BCD Operation 


ADD4S 


dst BCD string *- dst BCD string 
+ src BCD string 


000011110010 





2 


u 


X U U U X 


SUB4S 


dst BCD string *— dst BCD string 
- src BCD string 


000011110010 


10 


2 


u 


X U U U X 


CMP4S 


dst BCD string - src BCD string 


000011110010 


110 


2 


u 


X U U U X 



R0L4 



reg8 



mem8 



7 


AL 









reg 






AL L 




Upper 4 bits 


Lower 4 bits 












L_ 











0000111100101000 
110 reg 





AL L 




Upper 4 bits 


Lower 4 bits 










I 









0000111100101000 
mod mem 



3-5 



D 
k| 

O 
CO 
CO 

o 

s. 

CO 
CO 

ro 

< 

CO 
01 



R0R4 



reg8 



7 


AL 




O 




reg 






AL L 




Upper 4 bits 


Lower 4 bits 






1 






L_ 








1 



0000111100101010 
110 reg 



mem8 





AL L 




Upper 4 bits 


Lower 4 bits 










♦ 









0000111100101010 
mod mem 



3-5 



BCD Adjust 


ADJBA 


When (ALAND OFH) >9 or AC = 1, 

AL ♦- AL + 6, AH — AH + 1, AC — 1, 

CY *- AC, AL <— AL AND OFH 





10 111 


1 X 


X u u u u 


ADJ4A 


When (AL AND OFH) >9 or AC = 1, 

AL «- AL + 6, CY *- CY OR AC, AC «- 1, 

WhenAL>9FH,orCY — = 

AL *- AL + 60H, CY «- 1 





111 


1 X 


X U X X X 


ADJBS 


When (ALAND OFH) >9 or AC = 1, 
CY *- AC, AL«- ALAND OFH 





11111 


1 X 


X u u u u 


ADJ4S 


When (AL AND OFH) >9 or AC = 1 , 

AL <*- AL - 6, CY — CY OR AC, AC *- 1, 

When AL > 9FH, or CY - = 

AL <- AL + 60H, CY *- 1 





1111 


1 X 


X U X X X 



8 



Instruction Set (cont) 



8 



Mnemonic 



Operation 



Operation Code 
7654321076543210 



No. of 



AC CY V P S Z 



Increment/Decrement 



INC reg8 


reg8 — reg8 + 1 






1 1 


1 


1 


1 1 


1 1 








reg 


2 


X 




X X X X 


mem 


(mem) — (mem) + 1 






1 1 


1 


1 


1 1 w 


mod 








mem 


2-4 


X 




X X X X 


reg16 


reg16 — reg16 + 1 






1 ( 


) 





reg 










1 


X 




X X X X 


DEC reg8 


reg8 — reg8 - 1 






1 1 


1 


1 


1 1 


1 1 





1 


reg 


2 


X 




X X X X 


mem 


(mem) — (mem) - 1 






1 1 


1 


1 


1 1 W 


mod 





1 


mem 


2-4 


X 




X X X X 


reg16 


reg16 — reg16 - 1 






1 ( 


) 


1 


reg 










1 


X 




X X X X 


Multiplication 


MULU reg8 


AW — AL x reg8 
AH = 0: CY — 0, V — 
AH#0:CY — 1,V — 1 






1 1 


1 





1 1 


1 1 


1 





reg 


2 


u 


X 


X u u u 


mem8 


AW — AL x (mem8) 
AH = 0: CY — 0, V — 
AH^0:CY — 1,V — 1 






1 1 


1 





1 1 


mod 


1 





mem 


2-4 


u 


X 


X u u u 


reg16 


DW, AW — AW x reg16 
DW = 0: CY — 0, V — 
DW*0:CY — 1,V — 1 






1 1 


1 





1 1 1 


1 1 


1 





reg 


2 


u 


X 


X u u u 


mem16 


DW, AW — AW x (mem16) 
DW = 0: CY — 0, V — 
DW*0:CY — 1,V — 1 






1 1 


1 





1 1 1 


mod 


1 





mem 


2-4 


u 


X 


X u u u 


MUL reg8 


AW — AL x reg8 
AH = AL sign expansion: 
AH ^AL sign expansion: 


CY — 
CY — 


0,V — 
1,V — 1 


1 1 


1 1 





1 1 


1 1 


1 


1 


reg 


2 


u 


X 


X u u u 


mem8 


AW — AL x (mem8) 
AH = AL sign expansion: 
AH ¥= AL sign expansion: 


CY — 
CY — 


0,V — 
1,V — 1 


1 1 


1 1 





1 1 


mod 


1 


1 


mem 


2-4 


u 


X 


X u u u 


reg16 


DW, AW — AW x reg16 
DW = AW sign expansion: CY *- 
DW =£ AW sign expansion: CY *- 


- 0, V — 
-1,V — 1 


1 1 


1 1 





1 1 1 


1 1 


1 


1 


reg 


2 


u 


X 


X u u u 


mem16 


DW, AW — AW x (mem16) 
DW = AW sign expansion 
DW ¥= AW sign expansion 


CY- 
CY- 


- 0, V — 

-1,V — 1 


1 1 


1 1 





1 1 1 


mod 


1 


1 


mem 


2-4 


u 


X 


X u u u 


reg16, 
reg16, 
imm8 


reg16 — reg16 x imm8 
Product < 16 bits: CY — 
Product > 16 bits: CY — 


0,V«- 
1,V — 


-0 

-1 


1 


1 


1 


1 1 


1 1 




reg 


reg 


3 


u 


X 


X u u u 


reg16, 


reg16 — (mem16) x imm8 






1 


1 


1 


1 1 


mod 




reg 


mem 


3-5 


u 


X 


X u u u 



mem16, 
imm8 



Product < 16 bits: CY — 0, V — 
Product > 16 bits: CY — 1,V — 1 



"0 
O 

o 

G) 
U 

o 

CO 
CO 
10 

< 

CO 
01 



m 



Instruction Set (cont) 



Mnemonic 



Operation 



Operation Code 
7654321076543210 



No. of Flags 

Bytes AC CY V P S Z 



Multiplication (cont) 



MUL (cont) reg16, 
reg16, 
imm16 



reg16 -*— reg16 x imm16 
Product < 16 bits: CY «- 0, V «- 
Product > 16 bits: CY«-1,V — 1 



110 10 111 



reg 



reg 



4 u x x u u u 



reg 16, 

mem16, 

imm16 



reg16 ♦— (mem16) x imm16 
Product < 16 bits: CY «- 0, V «- 
Product>16bits:CY«-1,V«-1 



1 1 1 1 mod 



reg 



4-6 u x x u u u 



Unsigned Division 



DIVU 



temp <— AW 

When temp -f- reg8 > FFH 

(SP-1,SP-2)«-PSW,(SP-3,SP-4)«- 

(SP - 5, SP - 6) «- PC, SP «- SP - 6 

IE*— 0, BRK «- 0, PS «- (3, 2), PC +- (1, 0) 

All other times 

AH '•«— temp % reg8, AL •*— temp -r reg8 



11110 110 11110 reg 



PS 



2 u u u u u u 



mem8 



temp ■*— AW 

When temp + (mem8) > FFH 

(SP - 1, SP - 2) *- PSW, (SP - 3, SP - 4) <*- 

(SP - 5, SP - 6) «- PC, SP «- SP - 6 

IE «- 0, BRK *- 0, PS *- (3, 2), PC <— (1, 0) 

All other times 

AH ■*— temp % (mem8), AL <— temp h- (mem8) 



1 1 1 1 1 1 mod 1 1 mem 



PS 



2-4 u u u u u u 



reg 16 



temp •«— AW 

When temp -h reg16 > FFFFH 

(SP - 1, SP - 2) *- PSW, (SP - 3, SP - 4) <•- 

(SP - 5, SP - 6) «- PC, SP — SP - 6 

IE <- 0, BRK «- 0, PS <— (3, 2), PC *- (1, 0) 

All other times 

AH *— temp % reg16, AL ♦- temp -4- reg16 



1 1 1 1 1 1 1 1 1 1 1 reg 



PS 



2 u u u u u u 



mem16 



temp -*— AW 

When temp 4- (mem16) > FFFFH 

(SP - 1, SP - 2) <- PSW, (SP - 3, SP - 4) «- PS 

(SP - 5, SP - 6) «- PC, SP «<- SP - 6 

IE — 0, BRK «- 0, PS — (3, 2), PC <— (1, 0) 

All other times 

AH «— temp % (mem16), AL «— temp 4- (mem16) 



1 1 1 1 1 1 1 mod 1 1 mem 



2-4 u u u u u u 



Instruction Set (cont) 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No.of Flags 

Bytes AC CY V P S Z 


Signed Division 



DIV 



temp •*- AW 

When temp -h reg8 > and temp 4- reg8 > 7FH or 

temp -J- reg8 < and temp + reg8 < - 7FH - 1 

(SP - 1, SP - 2) «- PSW, (SP - 3, SP - 4) *- PS 

(SP - 5, SP - 6) <— PC, SP <- SP - 6 

IE «- 0, BRK <— 0, PS «- (3, 2), PC «-j(1, 0) 

All other times 

AH •*- temp % reg8, AL «— temp -s- reg8 



11110 110 11111 



re'g 



2 u u u u u u 



mem8 



temp W ■*— 

When temp -h (mem8) > and (mem8) > 7FH or 

temp -h (mem8) < and 

temp h- (mem8) < - 7FH — 1 

(SP - 1, SP - 2) «- PSW, (SP - 3, SP - 4) «- PS 

(SP - 5, SP - 6) «- PC, SP «- SP - 6 

IE «- 0, BRK *- 0, PS *- (3, 2), PC «- (1, 0) 

All other times 

AH •«— temp % (mem8), AL «— temp h- (mem8) 



1 1 1 1 1 1 mod 1 1 1 



2-4 u u u u u u 



reg 16 



temp -«— AW 

When temp -=- reg 16 > and reg 16 > 7FFFH or 

temp-^reg16<0-7FFFH — 1 

(SP - 1, SP - 2) <- PSW, (SP - 3, SP - 4) *- PS 

(SP - 5, SP - 6) •«- PC, SP «— SP - 6 

IE «- 0, BRK «- 0, PS *- (3, 2), PC — (1,0) 

All other times 

AH x— temp % reg. 16, AL <— temp -r- reg 16 



11110 11111111 



reg 



2 u u u u u u 



mem 16 temp ♦— AW 

When temp -f- (mem 16) > and (mem 16) > 7FFFH 

or temp + (mem 16) < and temp -h [mem 16] 

< - 7FFFH — 1 

(SP - 1, SP - 2) ) <— PSW, (SP -3, SP - 4) ♦- PS 

(SP - 5, SP - 6) x- PC, SP — SP - 6 

IE x- 0, BRK <- 0, PS x- (3, 2), PC <- (1, 0) 

All other times 

AH ■*— temp % (mem 16), AL *- temp -h (mem 16) 



1 1 1 1 1 1 1 mod 1 1 1 



2-4 u u u li u u 



s 



Instruction Set (cont) 



Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 


2 


1 


7 6 5 4 3 2 1 





No. of 
Bytes AC 


Flags 
CY V P S Z 


Data Conversion 


CVTBD 


AH «- AL 4- OAH, AL ♦- AL % OAH 


110 10 


1 





10 1 





2 u 


U U X X X 


CVTDB 


AH «- 0, AL — AH x OAH + AL 


110 10 


1 





10 10 1 





2 u 


U U X X X 


CVTBW 


WhenAL<80H,AH«-0, 
all other times AH *- FFH 


10 11 













1 




CVTWL 


When AL < 8000H, DW «- 0, 
ail other times DW — FFFFH 


10 11 








1 




1 




Comparison 



CMP 



reg, reg 


reg - reg 


1 1 1 1 W 1 1 




reg 


reg 


2 


X 


X 


X X X X 


mem, reg 


(mem) - reg 


1 1 1 W mod 




reg 


mem 


2-4 


X 


X 


X X X X 


reg, mem 


reg - (mem) 


1 1 1 1 W mod 




reg 


mem 


2-4 


X 


X 


X X X X 


reg, imm 


reg - imm 


1 S W 1 1 


1 


1 1 


reg 


3-4 


X 


X 


X X X X 


mem, imm 


(mem) - imm 


1 S W mod 


1 


1 1 


mem 


3-6 


X 


X 


X X X X 



ace, imm 


When W = 0, AL- imm 
When W = 1, AW -imm 





1 


1 


1 1 W 






2-3 


X 


X X X X X 


Complement 


NOT reg 


reg «- reg 


1 1 


1 


1 


1 1 W 1 1 


1 


reg 


2 






mem 


(mem) <— (mem) 


1 1 


1 


1 


1 1 W mod 


1 


mem 


2-4 






NEG reg 


reg •«— reg + 1 


1 1 


1 


1 


1 1 W 1 1 


1 1 


reg 


2 


X 


X X X X X 


mem 


(mem) •«— (mem) + 1 


1 1 


1 


1 


1 1 W mod 


1 1 


mem 


2-4 


X 


X X X X X 


Logical Operation 



TEST 



reg, reg 



reg AND reg 



1 1 W 1 1 



reg 



reg 



x x x 



mem, reg 
or reg, mem 



(mem) AND reg 



1 1 W mod reg 



2-4 



x x x 



reg, imm 



reg AND imm 



1111011W11000 



reg 



3-4 



u 



x x x 



mem, imm 



(mem) AND imm 



1 1 1 1 1 1 W mod 



3-6 u x x x 



ace, imm 



When W = 0, AL AND imm8 
WhenW = 1,AWANDimm8 



1 1 1 W 



2-3 



u 



x x x 



AND 



reg, reg 



reg •«— reg AND reg 



1 1 W 1 1 



reg 



reg 



x x x 



mem, reg 



(mem) •*— (mem) AND reg 



1 W mod 



reg 



2-4 u x x x 



reg, mem 



reg *- reg AND (mem) 



1 1 W mod 



reg 



2-4 



x x x 



reg, imm 



reg ■*— reg AND imm 



1000000W11100 reg 



3-4 



u 



x x x 



mem, imm 



(mem) •«— (mem) AND imm 



1000000Wmod100 mem 



3-6 u x x x 



ace, imm 



When W = 0, AL «- AL AND imm8 
When W = 1, AW *- AW AND imm16 



1 1 W 



2-3 u x x x 



Instruction Set (cont) 



8 



Mnemonic 



Operand 



Operation 



Operation Code 
765432107654321 



No. of Flags 

Bytes AC CY V P S Z 



Logical Operation (cont) 



OR 



reg, reg 


reg *- reg OR reg 














1 





1 


w 


1 1 


reg 


reg 


2 


u 








X 


X 


X 


mem, reg 


(mem) *- (mem) OR reg 














1 








w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, mem 


reg •«— reg OR (mem) 














1 





1 


w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, imm 


reg *- reg OR imm 


1 




















w 


1 1 


1 


reg 


3-4 


u 








X 


X 


X 


mem, imm 


(mem) ■*— (mem) OR imm 


1 




















w 


mod 


1 


mem 


3-6 


u 








X 


X 


X 


ace, imm 


When W = 0, AL «- AL OR imm8 
When W = 1, AW — AW OR imm16 














1 


1 





w 








2-3 


u 








X 


X 


X 


reg, reg 


reg — reg XOR reg 








1 


1 








1 


w 


1 1 


reg 


reg 


2 


u 








X 


X 


X 


mem, reg 


(mem) *— (mem) XOR reg 








1 


1 











w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, mem 


reg — reg XOR (mem) 








1 


1 








1 


w 


mod 


reg 


mem 


2-4 


u 








X 


X 


X 


reg, imm 


reg -*— reg XOR imm 


1 




















w 


1 1 


1 1 


reg 


3-4 


u 








X 


X 


X 


mem, imm 


(mem) -*— (mem) XOR imm 


1 




















w 


mod 


1 1 


mem 


3-6 


u 








X 


X 


X 



XOR 



ace, imm 



When W = 0, AL — AL XOR imm8 
When W = 1, AW — AW XOR imm16 



1 1 1 W 



2-3 u x x x 



Bit Operation 



TEST1 



reg8, CL 


reg8 bit no. CL = 0: Z <- 1 
reg8 bit no. CL = 1:Z<— 











1 














1 1 











reg 


3 


u 








U U X 


mem8, CL 


(mem8) bit no. CL = 0: Z «- 1 
(mem8)bitno. CL = 1: Z *— 











1 














mod 











mem 


3-5 


u 








U U X 


reg16, CL 


reg16 bit no. CL = 0: Z <— 1 
reg16 bit no. CL = 1:Z*-0 











1 











1 


1 1 











reg 


3 


u 








U U X 


mem16, CL 


(mem16) bit no. CL = 0: Z «- 1 
(mem16) bit no. CL = 1:Z«-0 











1 











1 


mod 











mem 


3-5 


u 








U U X 


reg8, imm3 


reg8 bit no. imm3 = 0: Z ■*— 1 
reg8 bit no. imm3 = 1 : Z •*— 











1 


1 











1 1 











reg 


4 


u 








U U X 


mem8, imm3 


(mem8) bit no. imm3 = 0: Z — 1 
(mem8) bit no. imm3 = 1: Z ■-*— 











1 


1 











mod 











mem 


4-6 


u 








U U X 


reg16, imm4 


reg16 bit no. imm4 = 0: Z +- 1 
reg16 bit no. imm4 = 1: Z -* — 











1 


1 








1 


1 1 











reg 


4 


u 








U U X 



mem16, imm4 



(mem16) bit no. imm4 = 0: Z •«— 1 
(mem16) bit no. imm4 = 1: Z ■*— 



1 1 1 mod mem 

2nd byte* 3rd byte* 

*Note: First byte = 0FH 



4-6 u u u x 



Tl 
O 
*4 
O 
CO 
CO 

o 

N, 

CO 
CO 
10 

< 
CO 
01 



m 



Mnemonic 



Operand 



Operation 



Operation Code 
7 6 5 4 3 2 



10 7 6 5 4 3 2 10 



No. of 
Bytes AC 



Flags 
CY V P 



S Z 



O 

o 

6) 
C* 

o 
w 

< 



Bit Operation (cont) 



N0T1 



reg8,CL 



reg8 bit no. CL •*— reg8 bit no. CL 



2nd byte* 
10 1 



10 11 



3rd byte* 




reg 



mem8, CL 


(mem8) bit no. CL *— (mem8) bit no. CL 


10 1 


1 





mod 





mem 


3-5 


reg16, CL 


reg16 b ! * no. CL *- reg16 bit no. CL 


10 1 


1 


1 


1 1 





reg 


3 


mem16, CL 


(mem16) bit no. CL — (mem16) bit no. CL 


10 1 


1 


1 


mod 





mem 


3-5 


reg8, imm3 


reg8 bit no. imm3 •*— reg8 bit no. imm3 


111 


1 





1 1 





reg 


4 


mem8, imm3 


(mem8) bit no. imm3 ■*— (mem8) bit no. imm3 


111 


1 





mod 





mem 


4-6 


reg16, imm4 


reg16 bit no. imm4 ■*— (reg16) bit no. imm4 


111 


1 


1 


1 1 





reg 


4 


mem16, imm4 


(mem16) bit no. imm4 ■*— (mem16) bit no. imm4 


111 

2nd byte* 
*Note: First byte = 


1 1 
= 0FH 


mod 



3rd byte* 


mem 


4-6 



CY 



CY — CY 



11110 10 1 



CLR1 



reg8,CL 



i bit no. CL — 



2nd byte* 
10 



10 11 



3rd byte* 




reg 



mem8, CL 


(mem8) bit no. CL •*- 


1 


1 





mod 





mem 


3-5 




reg16, CL 


reg.16 bit no. CL ♦- .0 


1 


1 


1 


1 1 





reg 


3 




mem16, CL 


(mem16) bit no. CL — 


1 


1 


1 


mod 





mem 


3-5 




reg8, imm3 


reg8 bit no. imm3 ■*— 


1 


1 1 





1 1 





reg 


4 




mem8, imm3 


(mem8) bit no. imm3 ■*— 


1 


1 1 





mod 





mem 


4-6 




reg16, imm4 


reg16 bit no. imm4 •«— 


1 


1 1 


1 


1 1 





reg 


4 




mem16, imm4 


(mem16) bit no. imm4 ■*— 


110 11 

2nd byte* 
*Note: First byte = OFH 


mod 



3rd byte* 


mem 


4-6 




CY 


CY<-0 


1111 


1 











1 






DIR 



DIR — 



1111110 



§ 

8 



Instruction Set (cont) 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No. of Flags 

Bytes AC CY V P S Z 


Bit Operation (cont) 



SET1 



reg8, CL 


reg8 bit no. CL «- 1 





1 





1 








1 1 











reg 


3 


mem8, CL 


(mem8) bit no. CL •«- 1 





1 





1 








mod 











mem 


3-5 


reg16, CL 


reg16 bit no. CL <— 1 





1 





1 





1 


1 1 











reg 


3 


mem16, CL 


(mem16) bit no. CL «— 1 





1 





1 





1 


mod 











mem 


3-5 


reg8, imm3 


reg8 bit no. imm3 *— 1 





1 


1 


1 








1 1 











reg 


4 


mem8, imm3 


(mem8) bit no. imm3 •*— 1 





1 


1 


1 








mod 











mem 


4-6 


reg16, imm4 


reg16 bit no. imm4 •*— 1 





1 


1 


1 





1 


1 1 











reg 


4 


mem16, imm4 


(mem16) bit no. imm4 ■*— 1 


111 

2nd byte* 
*Note: First byte = 


1 
= OFH 


mod 



3rd byte* 


mem 


4-6 





CY 


CY-^1 


1 1 


1 


1 


10 1 




1 




1 












DIR 


DIR «- 1 


1 1 


1 


1 


110 1 




1 














Shift 


SHL 


reg, 1 


CY ■<- MSB of reg, reg *- reg x 2 
When MSB of reg # CY, V ««- 1 
When MSB of reg = CY, V <«- 


1 1 





1 


W 1 1 1 


reg 


2 


u 


X 


X 


X 


X 


X 




mem, 1 


CY ■*- MSB of (mem), (mem) ■«- (mem) x 2 
When MSB of (mem) ft CY, V — 1 
When MSB of (mem) = CY, V <— 


1 1 





1 


W mod 1 


mem 


2-4 


u 


X 


X 


X 


X 


X 




reg, CL 


temp '*— CL, while temp ¥= rj, 

repeat this operation, CY -*— MSB of reg, 

reg *- reg x 2, temp ■*— temp - 1 


1 1 





1 


1 W 1 1 1 


reg 


2 


u 


X 


u 


X 


X 


X 




mem, CL 


temp *- CL, while temp ¥= 0, 

repeat this operation, CY ■*— MSB of (mem), 

(mem) +- (mem) x 2, temp •«— temp - 1 


1 1 





1 


1 W mod 1 


mem 


2-4 


u 


X 


u 


X 


X 


X 




reg, imm8 


temp •*— imm8, while temp ¥= 0, 

repeat this operation, CY •«— MSB of reg, 

reg '*— reg x 2, temp ■*— temp - 1 


1 1 








W 1 1 1 


reg 


3 


u 


X 


u 


X 


X 


X 




mem, imm8 


temp •*- imm8, while temp # 0, 

repeat this operation, CY •*— MSB of (mem), 

(mem) «— (mem) x 2, temp ■*— temp - 1 


1 1 








W mod 1 
n: number of shifts 


mem 


3-5 


u 


X 


u 


X 


X 


X 


SHR 


reg, 1 


CY *- LSB of reg, reg «- reg + 2 


1 1 





1 


W 1 1 1 1 


reg 


2 


u 


X 


X 


X 


X 


X 



When MSB of reg # bit following MSB 
of reg: V ■*— 1 

When MSB of reg = bit following MSB 
of reg: V — 



s 



"1= 
u 

D 

o 

CO 

w 

o 

w 

CO 
10 

< 

6) 
01 



B 



Instruction Set (cont) 












Mnemonic Operand 


Operation 


Operation Code 
7 6 5 4 3 2 


7 6 5 4 3 2 





No. of Flags 

Bytes AC CY V P S Z 


Shift (cont) 



SHR (cont) mem, 1 



CY *- LSB of (mem), (mem) *- (mem) + 2 
When MSB of (mem) ^ bit following MSB 
of (mem): V ■*— 1 

When MSB of (mem) - bit following MSB 
of (mem): V *- 



1 1 1 W mod 1 1 mem 



mem, imm8 temp *- imm8, while temp ^ 0, 

repeat this operation, CY.*- LSB of (mem), 
(mem) *- (mem) h- 2, temp *- temp - 1 



1 1 W mod 1 1 mem 
n: number of shifts 



2-4 u x x x x x 



reg, CL 


temp *- CL, While temp ¥= 0, 

repeat this operation, CY *- LSB of reg, 

reg *- reg h- 2, temp *- temp - 1 


1 101001W11 101 


reg 


2 


u 


X U X X X 


mem, CL 


temp *- CL, while temp ^0, 

repeat this operation, CY *- LSB of (mem), 

(mem) «— (mem) h- 2, temp *- temp - 1 


1 1 1 1 W mod 1 1 


mem 


2-4 


u 


X U X X X 


reg, imm8 


temp *-1mm8, while temp ^ 0, 
repeat this operation, CY *- LSB of reg, 
reg *- reg h- 2, temp *— temp - 1 


1100000W11101 


reg 


3 


u 


X U X X X 



3-5 u x u x x x 



U 
O 

o 

CO 
6) 

o 

O) 
6) 

< 

u 

01 



SHRA reg, 1 



CY *- LSB of reg, reg *- reg h- 2, V 
MSB of operand does not change 



1101000W11111 



mem, imm8 temp *- imm8, while temp ^ 0, 

repeat this operation, CY *— LSB of (mem), 
(mem) *- (mem) 4- 2, temp *- temp - 1 
MSB of operand does not change 



1 1 W mod 1 1 1 mem 
n: number of shifts 



2 u x x x x 



mem, 1 


CY *- LSB of (mem), (mem) *- (mem) 4- 2, 
V *— 0, MSB of operand does not change 


1 1 1 W mod 1 1 1 


mem 


2-4 


u x x x x 


reg, CL 


temp *- CL, while temp ^ 0, 
repeat this operation, CY *- LSB of reg, 
reg *- reg 4 2, temp *- temp - 1 
MSB of operand does not change 


1 1 1 1 W 1 1 1 1 1 


reg 


2 


U X U X x x 


mem, CL 


temp *- CL, while temp ^ 0, 
repeat this operation, CY *— LSB of (mem), 
(mem) *- (mem) 4 2, temp *- temp - 1 
MSB of operand does not change 


1 1 1 1 W mod 1 1 1 


mem 


2-4 


U X U X X X 


reg, imm8 


temp *- imm8, while temp ^ 0, 
repeat this operation, CY *- LSB of reg, 
reg *- reg -f- 2, temp *- temp - 1 
MSB of operand does not change 


1 1 00000W1 1 1 1 1 


reg 


3 


U X U X X X 



3-5 u x u x x x 



8 



Instruction Set (cont) 






Mnemonic Operand 



Operation 



Operation Code 
7654321076543210 



No. of Flags 

Bytes AC CY V P S Z 



Rotation 



ROL 



reg, 1 



CY •«- MSB of reg, reg <*- reg x 2 + CY 
MSB of reg * CY: V «- 1 
MSB of reg = CY: V «— 



1101000W11000 reg 



mem, 1 CY <— MSB of (mem), 

(mem) •«- (mem) x 2 + CY 
MSBof(mem)*CY:V«-1 
MSB of (mem) = CY: V «- 



1101000Wmod000 mem 



reg.CL temp ■*— CL, while temp # 0, 

repeat this operation, CY •«— MSB of reg, 
reg — reg x 2 + CY 
temp •«— temp - 1 



1 1 1 1 W 1 1 reg 



mem, CL temp •«— CL, while temp ^ 0, 

repeat this operation, CY ■*— MSB of (mem), 
(mem) *- (mem) x 2 + CY 
temp •«— temp - 1 



1 1 1 1 W mod reg 



reg, imm8 temp •*— imm8, while temp ^ 0, 

repeat this operation, CY ■*— MSB of reg, 
reg •«— reg x 2 + CY 
temp •«— temp - 1 



1100000W11000 reg 



mem, imm8 temp •«— imm8, while temp # 0, 

repeat this operation, CY ■*— MSB of (mem), 
(mem) •*- (mem) x 2 + CY 
temp •«— temp - 1 



1 1 W mod mem 



n: number of shifts 



2-4 



2-4 



3-5 



ROR 



reg, 1 



mem, 1 



CY •«- LSB of reg, reg +- reg -^ 2 

MSB of reg ««- CY 

MSB of reg ¥> bit following MSB of reg: V «- 1 

MSB of reg = bit following MSB of reg: V •*- 



1 1 1 W 1 1 1 reg 



CY «- LSB of (mem), (mem) — (mem) h- 2 

MSB of (mem) «- CY 

MSB of (mem) * bit following MSB 

of (mem): V ■*— 1 

MSB of (mem) = bit following MSB 

of (mem): V «- 



1 1 1 W mod 1 mem 



reg, CL temp «— CL, while temp ■£ 0, 

repeat this operation, CY ■*— LSB of reg, 
reg — reg 4- 2, MSB of reg <- CY 
temp *- temp - 1 



1 1 1 1 W 1 1 1 reg 



mem, CL temp +-CL, while temp 5^0, 

repeat this operation, CY •«— LSB of (mem), 
(mem) <- (mem) 4- 2, MSB of (mem) *- CY 
temp ♦- temp - 1 



1 1 1 1 W mod 1 mem 



n:number of shifts 



2-4 



2-4 



"0 
D 

o 

CO 
CO 

o 
s 

CO 
CO 
10 

< 

CO 
01 



m 



Instruction Set (cont) 



u 

o 
w 

6) 

o 

0) 
CO 
10 

< 

6) 
01 



Mnemonic Operand 



Operation 



Operation Code 
7654321076543210 



No. of 



AC CY V P S Z 



Rotation (cont) 



ROR (cont) reg, imm8 



temp •*— imm8, while temp ¥= 0, 
repeat this operation, CY •«— LSB of reg, 
reg *- reg -*■ 2, MSB of reg *- CY 
temp •«— temp - 1 



1 1 W 1 1 1 reg 



mem, imm8 temp •«— imm8, while temp # 0, 

repeat this operation, CY -— LSB of (mem), 
(mem) •«— (mem) -f- 2 
temp '•*— temp - 1 



1100000Wmod001 mem 



n: number of shifts 



3-5 



Rotate 



ROLC 



reg, 1 



tmpcy *- CY, CY *- MSB of reg 
reg -*— reg x 2 + tmpcy 
MSB of reg = CY: V *- 
MSB of reg * CY: V <— 1 



1 1 1 W 1 1 1 reg 



mem, 1 tmpcy «- CY; CY *- MSB of (mem) 

(mem) •«— (mem) x 2 + tmpcy 
MSB of (mem) = CY: V ^- 
MSB of (mem) # CY: V <*- 1 



1 1 1 W mod 1 mem 



reg, CL temp *-CL, while temp #0, 

repeat this operation, tmpcy •«— CY, 

CY •«— MSB of reg, reg •«— reg x 2 + tmpcy 

temp *— temp - 1 



1 1 1 1 W 1 1 1 reg 



mem, CL temp ■*— CL, while temp #0, 

repeat this operation, tmpcy -— CY, 
CY — MSB of (mem), 
(mem) •«— (mem) x 2 + tmpcy 
temp — temp - 1 



1 1 1 1 W mod 1 mem 



reg, imm8 temp ■*— imm.8, while temp ^0, 

repeat this operation, tmpcy — CY, 

CY •*— MSB of reg, reg •«— reg x 2 + tmpcy 

temp ♦- temp - 1 



1100000W11010 reg 



mem, imm8 temp ♦- imm8, while temp ^ 0, 

repeat this operation, tmpcy •*— CY, 
CY <- MSB of (mem) 
(mem) ■•«— (mem) x 2 + tmpcy 
temp <— temp - 1 



1100000Wmod010 mem 



n: number of shifts 



2-4 



2-4 



3-5 



S 



Instruction Set (cont) 



8 



Mnemonic Operand 



Operation 



Operation Code 

76543210765 43210 



No. of Flags 

Bytes AC CY V P S Z 



Rotate (cont) 



RORC reg, 1 



tmpcy *- CY, CY <— LSB of reg 

reg •«— reg h- 2, MSB of reg •*— tmpcy 

MSB of reg * bit following MSB of reg: V +- 1 

MSB of reg = bit following MSB of reg: V «- 



1 1 1 W 1 1 1 1 reg 



mem, 1 tmpcy +- CY, CY — LSB of (mem) 

(mem) •«— (mem) ■*■ 2, MSB of (mem) 
MSB of (mem) ¥= bit following MSB 
of (mem): V ■*— 1 

MSB of (mem) = bit following MSB 
of (mem): V «— 



1 1 1 W mod 1 1 mem 



tmpcy 



mem, imm8 temp -— imm8, while temp ^ 0, 

repeat this operation, tmpcy •«— CY, 

CY *- LSB of (mem), (mem) *- (mem) -h 2 

MSB of (mem) ■*— tmpcy, temp ■*— temp - 1 



1 1 W mod 1 1 mem 



2-4 x x 



reg, CL 


temp •*— CL, while temp * 0, 
repeat this operation, tmpcy •«— CY, 
CY «- LSB of reg, reg — reg + 2, 
MSB of reg ■*— tmpcy, temp -*— temp - 1 


1101001W11011 


reg 


2 


x u 


mem, CL 


temp •*— CL, while temp # 0, 
repeat this operation, tmpcy ■«— CY, 
CY — LSB of (mem), (mem) +- (mem) + 2 
MSB of (mem) ■*— tmpcy, temp ■*— temp - 1 


1 1 1 1 W mod 1 1 


mem 


2-4 


X u 


reg, imm8 


temp ■*— imm8, while temp * 
repeat this operation, tmpcy ■*— CY, 
CY •*- LSB of reg, reg ■*- reg -4- 2 
MSB of reg •«— tmpcy, temp •*— temp - 1 


1100000W11011 


reg 


3 


X u 



3-5 



Subroutine Control Transfer 



"5: 
■0 
D 
•4 

O 

w 

61 

O 

CO 

w 

10 

< 

CO 
01 



CALL 



near-proc 


(SP - 1, SP - 2) — PC, SP — SP - 2 
PC «- PC + disp 




1110 10 




3 


regptr16 


(SP - 1, SP - 2) *- PC, SP — SP - 2 
PC *- regptr16 




11111111110 10 


reg 


2 


memptr16 


(SP - 1, SP - 2) «- PC, SP — SP - 2 
PC «- (memptr16) 




1 1 1 1 1 1 1 1 mod 1 


mem 


2-4 


far-proc 


(SP - 1, SP - 2) *- PS, (SP - 3, SP - 4) *- 
SP *- SP - 4, PS *- seg, PC — offset 


PC 


10 110 10 




5 



memptr32 (SP - 1, SP - 2) <— PS, (SP - 3, SP - 4) «- PC 

SP — SP - 4, PS *- (memptr32 + 2), 
PC — (memptr32) 



1 1 1 1 1 1 1 1 mod 1 1 mem 



2-4 



B 



Instruction Set (cont) 



o 

6) 
W 
O 
s, 

0) 

w 

10 

< 

6) 
01 



Mnemonic Operand 



Operation 



Operation Code 

7 6 5 4 3 2 1 



7 6 5 4 3 2 10 



No. of Flags 

Bytes AC CY V P S Z 



Subroutine Control Transfer (cont) 



RET 





PC«-(SP + 1,SP), SP«-SP + 2 


110 11 


1 


pop-value 


PC *- (SP + 1, SP) 

SP «- SP + 2, SP *- SP + pop-value 


110 10 


3 




PC «<- (SP + 1, SP ), PS *- (SP + 3, SP + 2) 
SP«-SP + 4 


110 10 11 


1 



pop-value 



PC *- (SP + 1, SP), PS — (SP + 3, SP + 2) 
SP «- SP + 4, SP «- SP + pop-value 



110 10 10 



Stack Manipulation 



PUSH 



mem16 



(SP - 1, SP - 2) «- (mem16), SP — SP - 2 



1 1 1 1 1 1 1 1 mod 1 1 mem 



reg16 



sreg 



PSW 



(SP - 1, SP - 2) — reg16, SP — SP - 2 
(SP- 1, SP- 2) — sreg, SP — SP - 2 



10 10 reg 



sreg 1 1 



(SP - 1, SP - 2) «- PSW, SP ««- SP - 2 



10 1110 



Push registers on the stack 



110 



(SP-1.SP-2)*- imm 

SP •*- SP - 2, When S = 1, sign extension 



1 1 1 S 



2-4 



2-3 



POP 



BR 



mem16 



(mem16) «- (SP + 1, SP), SP <— SP + 2 



1 1 1 1 1 mod 



reg 16 



reg16 — (SP + 1, SP), SP <- SP + 2 



10 11 



reg 



sreg 



sreg +- (SP + 1, SP) sreg : SS, DSO, DS1 
SP*-SP + 2 



sreg 1 1 1 



PSW 



PSW — (SP + 1, SP), SP «— SP + 2 



10 1110 1 



memptr32 



PS *- (memptr32 + 2), PC ♦- (memptr32) 



1 1 1 1 1 1 1 1 mod 1 1 



mem 



2-4 



R R R R R 





R 


Pop registers from the stack 


110 1 


1 


PREPARE 


imm16, imm8 


Prepare new stack frame 


110 10 
*:imm8 = 0: 16 
imm8>1: 25 + 16(imm8-1) 


4 


DISPOSE 




Dispose of stack frame 


110 10 1 


1 


Branch 



near-label 


PC — PC + disp 


1110 10 1 




3 


short-label 


PC *r- PC + ext-disp8 


1110 10 11 




2 


regptr16 


PC ■*- regptr16 


111111111110 


reg 


2 


memptr16 


PC •*- (memptr16) 


1 1 1 1 1 1 1 1 mod 1 


mem 


2-4 


far-label 


PS -*- seg, PC ♦- offset 


1110 10 10 




5 



2-4 



8 



Instruction Set (cont) 



Mnemonic 


Operand 


Operation 


Operation Code 
7 6 5 4 3 


2 


1 


7 6 5 4 3 2 


1 


No. of 
Bytes AC 


Flags 
CY V P S Z 


Conditional Branch 


BV 


short-label 


ifV = 1,PC«-PC + ext-disp8 





1 




1 
















2 




BNV 


short-label 


if V = 0, PC <— PC + ext-disp8 





1 




1 











1 




2 




BC, BL 


short-label 


ifCY = 1,PC — PC + ext-disp8 





1 




1 








1 







2 




BNC, BNL 


short-label 


if CY = 0, PC *— PC + ext-disp8 





1 




1 








1 


1 




2 




BE, BZ 


short-label 


ifZ = 1,PC<-PC + ext-disp8 





1 




1 





1 










2 




BNE, BNZ 


short-label 


if Z = 0, PC — PC + ext-disp8 





1 




1 





1 





1 




2 




BNH 


short-label 


if CY OR Z = 1, PC <— PC + ext-disp8 





1 




1 





1 


1 







2 




BH 


short-label 


if CY OR Z = 0, PC ♦- PC + ext-disp8 





1 




1 





1 


1 


1 




2 




BN 


short-label 


ifS = 1,PC«-PC + ext-disp8 





1 




1 


1 













2 




BP 


short-label 


if S = 0, PC — PC + ext-disp8 





1 




1 


1 








1 




2 




BPE 


short-label 


if P = 1,PC*-PC + ext-disp8 





1 




1 


1 





1 







2 




BPO 


short-label 


if P = 0, PC «- PC + ext-disp8 





1 




1 


1 





1 


.1 




2 




BLT 


short-label 


if S XOR V = 1, PC «- PC + ext-disp8 





1 




1 


1 


1 










2 




BGE 


short-label 


if S X0R V = 0, PC — PC + ext-disp8 





1 




1 


1 


1 





1 




2 




BLE 


short-label 


if (S XOR V) OR Z = 1, PC >•- PC + ext-disp8 





1 




1 


1 


1 


1 







2 




BGT 


short-label 


if (S XOR V) OR Z = 0, PC — PC + ext-disp8 





1 




1 


1 


1 


1 


1 




2 




DBNZNE 


short-label 


CW — CW - 1 

if Z = and CW * 0, PC *- PC + ext-disp8 


1 


1 





















2 




DBNZE 


short-label 


CW <— CW - 1 

if Z = 1 and CW # 0, PC <— PC + ext-disp8 


1 


1 
















1 




2 




DBNZ 


short-label 


CW *- CW - 1 

if CW * 0, PC <«- PC + ext-disp8 


1 


1 













1 







2 




BCWZ 


short-label 


ifCW = 0,PC*-PC + ext-disp8 


1 


1 













1 


1 




2 




BTCLR 


sfr. imm3, 
short-label 


if bit no. imm3 of (sfr) = 1, 
PC «- PC + ext — disp8, 
bit no. imm3 of (sfr) ■*— 














1 


1 


1 


110 1111 





5 




Interrupt 



BRK 



imm8 
(*3) 



(SP - 1, SP - 2) «*- PSW, (SP - 3, SP - 4) 
(SP - 5, SP - 6) *- PC, SP *- SP - 6 
IE — 0,BRK«-0 
PS <- (15, 14), PC *- (13, 12) 



PS, 



110 110 



(SP - 1, SP - 2) «- PSW, (SP - 3, SP - 4) ««- PS, 

(SP-5.SP-6) — PC,SP — SP-6 

IE — 0.BRK — 

PC — (nx4, + 1,nx4) 

PS — (n x 4 + 3, n x 4 + 2) n = imm8 



110 110 1 



8 



■o 

D 
*J 
O 
CO 
CO 
O 
*\ 
CO 
CO 
10 

< 

CO 
01 



s 



Mnemonic 



Operand 



Operation 



Operation Code 
7 6 5 4 3 2 



10 7 6 5 4 3 2 



No. of 
Bytes AC 



Flags 
CY V P S 



Interrupt (cont) 



BRKV 



CHKIND 



reg16, 

mem32 



WhenV = 1 

(SP - 1, SP - 2) *- PSW, (SP - 3, SP - 4) 

(SP-5,SP-6)««-PC,SP«-SP-6 

IE — 0, BRK *— 

PS«- (19, 18), PC — (17, 16) 



110 1110 



PS, 



RETI 


PC *- (SP + 1, SP), PS *- (SP + 3, SP + 2), 
PSW «- (SP + 5, SP + 4), SP — SP + 6 


110 1111 


1 


R 


R R R R R 


RETRBI 


PC «- Save PC, PSW «- Save PSW 


0000111110010001 


2 


R 


R R R R R 


FINT 


Indicates that interrupt service routine to the 
interrupt controller built in the CPU has been 
completed 


0000111110010010 


2 







When (mem32) > reg16 or (mem32 + 2) < reg16 

(SP -1.SP-2)*- PSW, (SP - 3, SP - 4) <- PS, 

(SP - 5, SP - 6) «- PC, SP «- SP - 6 

IE«-0,BRK«-0, 

PS — (23, 22), PC — (21, 20) 



1 1 1 mod 



reg 



2-4 



CPU Control 


HALT 






CPU Halt 


1 


1 


1 


1 





1 
















1 


STOP 






CPU Halt 














1 


1 


1 


1 


1 




1 1110 




1 


BUSLOCK 






Bus Lock Prefix 


1 


1 


1 


1 






















1 


FP01 (Note 1) 


fp-op 




No Operation 


1 


1 





1 


1 


X 


X 


X 


1 1 


Y 


Y Y Z Z Z 


2 






fp-op, 


mem 


data bus ■*— (mem) 


1 


1 





1 


1 


X 


X 


X 


mod 


Y 


Y Y mem 


2-4 




FP02 (Note 1) 


fp-op 




No Operation 





1 


1 








1 


1 


X 


1 1 


Y 


Y Y Z Z Z 


2 






fp-op, 


mem 


data bus +- (mem) 





1 


1 








1 


1 


X 


mod 


Y 


Y Y mem 


2-4 




POLL 






Poll and wait 


1 








1 


1 





1 


1 












NOP 






No Operation 


1 








1 
























Dl 






IE — 


1 


1 


1 


1 


1 





1 















El 






IE- — 1 


1 


1 


1 


1 


1 





1 


1 












DSO; DS1; 
PS;SS 






Segment override prefix 








1 


sreg 


1 


1 
















Notes: 

(1) Does not execute on the V25, but does generate an interrupt. 



NEC 



//PD70330/332 (V35) 
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CO 
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CO 
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CO 
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s^ 

CO 
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SEC 



80 



NEC 



NEC Electronics Inc. 



JIPD70P322 

16-Bit Microcomputer: 

Single-Chip, CMOS, 

With EPROM for V25/V35 Modes 



Description 

The juPD70P322 is a 16-bit, single-chip CMOS micro- 
computer operable as a jl/PD70322 (V25™) or a 
juPD70332 (V35™). The mask ROM of the V25/V35 is 
replaced in the /;PD70P322 by an EPROM. 

Ordering Information 



Part Number 



Ext Input 
Frequency 



Int System 
Clock 



Package 



A/PD70P322K-8 16 MHz 



8 MHz 



84-pin ceramic LCC 
with quartz window 



V25 and V35 are trademarks of NEC Corporation 



Features 

n Reprogrammable EPROM appropriate for system 
evaluation of V25 or V35 

° V25 mode (/JPD70322 equivalent) 

— Internal 16-bit architecture 

— External 8-bit data bus 

a V35 mode (/UPD70332 equivalent) 

— Internal 16-bit architecture 

— External 16-bit data bus 



/iPD70P322 Block Diagram 



DMARQO 
DMAAKO ■ 

fco- 

DMARQ1 
DMAAK1 • 
TCI ' 



TxDO- 
RxDO ■ 
SCKO- 
CTSO- 
TxD1 - 
RxD1 ■ 
CTS1 ■ 



NMI 
INTPO 
INTP1 
INTP2/ 
INTAK 

INT' 



Programmable 

DMA 

Controller 



O 



Serial 
Interface 



Baud Rate 
Generator 



O 



Programmable 
Interrupt 
Controller 



O 



C=^> 




O 



Internal RAM 
256 Bytes 

• General 
Registers 

• Macro 
Service 
Channel 



t> 



Instruction Decoder 

Micro Sequencer 

Micro ROM 



C 



Internal EPROM 
16K Bytes 



C^ 



iz 



tt 



16-Bit Timer 



Time Base 
Counter 



> 



V25 Mode 
A 0" A 19 

V35 Mode 

A 

Ag-A 16 /A r A a 

Ai7 /A 18 
A-| 8 /UBE 

A 19 



RESET 

HLDAK 

HLDRQ 

READY 

MREQ 

MSTB 

R/W 

IOSTB 

POLL 



V25/V35 

PROG 

CE 

OE 

V pp 



=> 



Port with 
Comparator 



ruwin 



Clock 
Generator 



REFRQ CLKOUT PO P1 P2 



PT0-PT7 V-, 



D -D 7 (V25 Mode) 
D -D-(5(V35Mode) 



X1 
X2 



V D D 
GND 



JJPD70P322 



SEC 



Pin Configurations 
84-Pin LCC, V25 Mode 



IP IS ICQ 



<o w S ■* eo cm -r- o Ijy IS Ifc I 

2 £ ^ • £- £ £ £ £ > II Iq |j£ ' 



oc > 



a 



9 x 



/ 

PO7/CLKOUTC 12 

D C 13 
D-i C 14 
D2C 15 
D3C 16 
D4C 17 
D5C 18 
D 6 C 19 
D7C 20 
A C 21 
A-i C 22 
A 2 C 23 
A3 C 24 
A4 C 25 
A5C 26 
A 6 C 27 
A7C 28 
A 8 C 29 
AgC 30 
A10 C 31 
A11 C 32 



nnnnnnnnnnnnnnnnnnnnn 



»-oneoN«i(>*(ONr 



o 



cj^incDi^egcnQ 

COCOCOCOCOCOCO'T 



n^iotot^eaaiQ'T-eMcs 



VI VI VI VI VI VI VI *T ^T ^ ^f ^T ^ ^ *T ** ^ **t lit til UJ 

uuuuuuuuuuuuuuuuuuuuu 



hi id 1^ <o a° 



5 £ > 



Pin 


Symbol 


Connect to 


3 


V 


V D D 


9 


V25/V35 


High level (H) 


49 


PROG 


High level (H) 


53,75 


IC 


High level through pullup resistor 



3 PT7 
3 PT6 
3 PT5 
3 PT4 
3 PT3 
3 PT2 
3 PT1 

n pto 

D P1 7 
3 P1 6 

3P15 
D P1 4 
3 P1 3 
3 P1 2 
3 p-^ 
3 NMI 
H P2 7 
HP2 6 
H P2 5 

D P24 

3 P2 3 



/READY 

/SCKO 

/TOUT 

/ INT/PO LL 

/ INTP2 /INTAK 

/INTP1 

/INTPO 

/HLDRQ 



/HLDAK 
/ TCI 

/DMAAK1 
/DMARQ1 



NEC 



JJPD70P322 



84-Pin LCC, V35Mode 



> IO|CQ|cD 
co lo ft «*■ m cm *- o £ c/j felg 
D.i>(La.ia.i >ISiyi2 cr 


a 

a: 
ll 

LU 

cr 


1- 

LU 

CO Q Q 1 

UJ Q CM t- Z h- ,1 

cr > x x > " 






nnnnnnnnnnnnnnnnnnnnn 








S ^-oo>coi^(OioifcocMT-»tc , )CMT-ocncor~cDin 
X*-t- coeocococoi^r-i^i^f^ 




P07/CLKOUTC 


12 q 74 


U PT7 




D C 


13 73 


3 PT6 




D1C 


14 72 


3 PT5 




d 2 h 


15 71 


3 PT4 




D3C 


16 70 


3 PT3 




D 4 C 


17 69 


3 PT2 




d 5 c 


18 68 


3 PT1 




D 6 C 


19 67 


3 PT0 




D7C 


20 66 


3 P1 7 /READY 




d 8 c: 


21 65 3 P1 6 /SCKO 




DgC 


22 64 


3 PI5/TOUT 




D ioI= 


23 63 


3 P1 4 /INT/POLL 




D 11 c 


24 62 


3 PI3/INTP2/INTAK 




D 12 C 


25 61 


3 PI2/INTP1 




D 13 C 


26 60 


3 P1 1 /INTP0 




D 14 C 


27 59 


3 NMI 




D15C 


28 58 


3 P27/HLDRQ 




A C 


29 57 


3 P26/HLDAK 




Ag/A 1 C 


30 56 


3 P25/TCI 




Ai /A 2 C 


31 55 


3 P24/DMAAK1 




A11/A3C 


32 54 
co-n-tncDi^cgcnoi-CMcoM-intor-eocnQT-cMo 


3 P23/DMARQI 






LI u uuuuuuuuuuuuuuuuuuu 




4 U) t N It a aiLl O DIO Oriy r Olffl O 

$ 5 $ ^ $ < <m 9 Z J2 9 9 £ 9 so q 

wwjwcoS^I^ £ a |5 £ £ |5 £ | |cr > 
<~ <T <~ <~ «f r ™ 

< < Q 


CM 

a. 


0100 
*: — 

< CM 
J? W 

9 Q- 

CM 
0. 




Pin Symbol Connect to 




3 V V DD 

9 V25/V35 Low level (L) 




49 PROG High level (H) 




53, 75 IC High level through pullup resistor 






83YL-6796B 



/JPD70P322 



NEC 



84-Pin LCC, EPROM Programming Mode 





• Open 

^•Open 

PP 

^■Open 


co q g 

111 D ' Z 








<^S > <•" "N > f ~~S 


CC > I J (3 J I 




nnnnnnnnnnnnnnnnnnnnn 








/■r-oo)eoivtDU5'*oc>ii-Trn<N-^oo>cor-<Du> 
f t- t- eoeoeoeocoi^r^r-r-»r-» 




H C 


12 74 


^ 




D C 


13 73 3 




DiC 


14 72 J 




D 2 C 


15 71 3 




D 3 C 


16 70 3 




D 4 C 


17 69 3 




D 5 C 


18 68 3 


> Open 


D 6 C 


19 67 3 




D 7 C 


20 66 3 




AoC 


21 65 3 




AlC 


22 64 3 




A 2 C 


23 63 3 




A 3 c 


24 62 


3) 




A 4 C 


25 61 


]L 




A5C 


26 60 


:l 




A 6 C 


27 59 


:l 




A 7 C 


28 58 


3\ 




A 8 C 


29 57 


3 




Open C 


30 56 


3 


■ Open 


A10C 


31 55 


3 




A11 c 


32 54 
co^fiocoi^cocriO-'-cvjco^Lntor^cooQ-i-CMco 


3J 






uuuuuuuuuuuuuuuuuuuuu 






CM CO •* v. > ro Q -1 ClUJiLU 


m DC > q> 

fi. Q. Q. 











Pin Symbol Connect to 




9 V V DD 




49 PROG Low level through pullup resistor 




L Low level through pullup resistor 




H High level through pullup resistor 




Open Do not connect to these pins. 






83YL-6795B 



NEC 



pPD70P322 



Pin Identification, V25/V35 Mode 



Symbol 


I/O 


Function 


Also Used For 


Port Pins 


po -po 6 


I/O 


Input or output mode can be 
specified per bit 


- 


PO? 


CLKOUT 


(P1 ) NMI 


In 


Non-maskable interrupt; 
cannot be used as a general- 
purpose port pin. 


" 



P11 



Port 1 input lines 



INTPO 



P1s 



INTP1 



P1f 



INTP2 



P1< 



I/O 



P1« 



Input or output mode can be 
specified per bit. 



P1 f 



P17 



POLL/INT 
TOUT 
S~C"K0 
READY 



P2 



I/O 



P2i 



Input or output mode can be 
specified per bit 



DMARQO 



DMAAKO 



P2 2 



TCO 



P2 3 



DMARQ1 



P2 4 



DMAAK1 



P2r 



TOT 



P2 6 



HLDAK 



P2 7 






HLDRQ 


PT0-PT7 


In 


Comparator input 


- 


Pins Other Than Port 


Ao 


Out 


V35 mode. Selects low-order 
memory bank 


— 


Ai-A 19 


Out 


V35 mode. Address bus 


- 


A0-A19 


Out 


V25 mode. Address bus 


- 


CLKOUT 


Out 


System clock 


P0 7 



CTSO 



I/O Asynchronous mode: send 
instruction input 

I/O interface mode: receive 
clock input/output 



CTST 


In 


Send instruction input 


- 


D0-D7 


I/O 


V25 mode. 8-bit data bus 


- 


D0-D15 


I/O 


V35 mode. 16-bit data bus 


- 


DMAAKO 


Out 


DMA acknowledge 


P2i 


DMAAK1 


P2 4 


DMARQO 


In 


DMA request 


P2 


DMARQ1 


P2 3 


HLDAK 


Out 


Hold acknowledge 


P2 6 


HLDRQ 


In 


Hold request 


P2 7 


INT 


In 


External interrupt request 


PI4/POTL 



Symbol I/O Function 



INTAK 



INTPO 



INTP1 



X1.X2 



Out Interrupt acknowledge 



In 



External interrupt request 



In Internal oscillator: connect 
crystal or ceramic resonator 
to X1 and X2. 

External clock: connect 
opposite-phase clock inputs 
to X1 and X2. 



Also Used For 



PI3/INTP2 



P1i 



P1c 



INTP2 






PI3/INTAK 




Out 


I/O access strobe 




IOSTB 






Out 


Indicates memory bus cycle 
start 




MREQ 






Out 


Memory access strobe 




MSTB 




POLL 


In 


Wait insertion 


PI4/INT 


READY 


In 


External ready 


PI7 




Out 


DRAM refresh pulse 




REFRQ 






In 


Chip reset 




RESET 




R/W 


Out 


Indicates read cycle/write 
cycle 




RxDO, 
RxD1 


Out 


Serial data 




SCKO 


Out 


Serial clock 


P1 6 


TCO 


Out 


Indicates DMA completion 


P2 2 


TCT 


P2 5 


TOUT 


Out 


Timer output 


P1 5 


TxDO, 
TxD1 


In 


Serial data 




UBE 


Out 


V35 mode. Selects high- 
order memory bank 




V25/V35 


In 


V25 or V35 mode selection 





V DD 


In 


+5-volt power supply pin 
(both Vqd Pins are 
connected) 


Vjh 


In 


Comparator reference 
voltage 


GND 




Ground pin (both GND pins 
are connected) 
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Pin Identification, EPROM Programming Mode 

Symbol I/O Function 



Ao-A-,4 



In 



Address bus 



CE 



In Chip enable 



D -D 7 



I/O 



Data bus 



m 



In Output enable 



PRO~G~ 



In EPROM programming mode setting 



RESET In EPROM mode setting 



V PP 



In 



V DD 



GND 



Write power supply pin 

In +5-volt power supply pin (both V D rj pins are 
connected 

— Ground pin (both GND pins are connected) 



EPROM PROGRAMMING 

The three basic m odes of the ^PD70P32 2 are co ntrolled 
by the level at the PROG, V25/V35, and RESET pins. (H 
= high level; L = low level; x = don't care). 



Mode 



PROG 



V25/V35 RESET 



V25 


H 


H 


X 


V35 


H 


L 


X 


Program 


L 


X 


L 



Table 1 lists the operations that take place in program- 
ming mode and the conditions at the power and control 
pins. Table 2 lists the recommended conditions at pins 
not used in programming mode. 

Table 1. Conditions at Pins Used in Programming 
Mode 



Operation Mode 


CI 


OE 


V PP 


Vdd 


Read 


L 


L 


+5V 


+5V 


Output disable 


L 


H 




Standby 


H 


X 




Program 


L 


H 


+ 12.5 V 


+6V 


Program verify 


X 


L 




Program inhibit 


H 


H 





Notes: 



(1) PROG and RESET = L 

(2) Apply voltage to V D d before V PP . Remove voltage from Vpp before 
Vdd- 

(3) Never apply more than 13.5 V to V PP even with overshoot. 

(4) x = L or H 

(5) With A 14 set to 1 (addresses 4000H-7FFFH), write ROM data. At 
verification, output data should be FFH. Thus, it is invalid to write 
program setting A14 to 1. 



Table 2. Conditions at Pins Not Used in 
Programming Mode 



Connection 


Pins 


Pullup resistor 


12, 53, 75, 79 


Pulldown resistor 


43,59-61,76,78 


Pullup or pulldown 


9 


No connection 


1-2, 4-8, 10-11, 30, 36-40, 47-48, 51-52, 
54-58, 62-74, 82-84 



EPROM Write Procedure 

Figure 1 is the flowchart and figure 2 is the timing 
diagram for the following EPROM write procedure. 

Note: The protection seal on the quartz window of the 
/tPD70P322 must be in place. 

(1) Apply +6 volts to the V D d pins and +12.5 volts to 
the Vpp pin. 

(2) Supply initial address A 13 -A . 

(3) Supply write data D 7 -D . 

(4) Apply 1-ms program pulse (active low) to CE pin. 

(5) Change to verify operation mode. If data can be 
written normally, go to step (8). 

(6) If data cannot be written normally, repeat steps (3) 
to (5). 

(7) If data cannot be written after 25 repetitions, de- 
clare the device faulty. Stop the write operation. 

(8) Supply write data. 

(9) Increment address. 

(10) Repeat steps (3) to (9) until the end address is 
reached. 

EPROM Read Procedure 

With the /*PD70P322 set up for read operation (table 1), 
the EPROM contents are read into the external data bus 
according to the procedure below. Figure 3 is a simpli- 
fied timing diagram. 

(1) Apply +5 volts to the Vdd P>ns. 

(2) Apply +5 volts to the Vpp pins. 

(3) Input the address of the data to be read to pins 
A 13 -Ao. 

(4) Perform read mode operation. 

(5) Output data to pins D 7 -D . 
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EPROM Erasure 

Data in the EPROM is erased by exposing the quartz 
window in the ceramic package to light having a wave- 
length shorter than 400 nm, including ultraviolet rays, 
direct sunlight, and fluorescent light. 

Note: To prevent unintentional erasure, the protection seal 
on the quartz window should not be removed except for 
EPROM erasure. 

Typically, data is erased by 254-nm ultraviolet rays. A 
minimum lighting level of 15 W»s/cm 2 (ray intensity x 
exposure time) is required to completely erase the 
EPROM. Erasure by an ultraviolet lamp rated at 12 
mW/cm 2 takes about 15 to 20 minutes. The time may be 
prolonged because of a degraded lamp, dirty window, 
etc. Remove any filter on the lamp and place the device 
within 2.5 cm of the lamp tubes. 



Figure 1. EPROM Write Procedure Flowchart 




Write cannot be 
made (less than 
25 repetitions) 
-< ^ Verify mode 



Write cannot be made 
(25th repetition) 



Perform additional 
write (3X ms pulse) 



X = Number of 
write repetitions 



Increment address 



< End address 




> End address 



Write completion 



) c 



Faulty device 



J 
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Figure 2. EPROM Write and Verify Timing 



Aio-A(i 



D 7 -D 



Repeat x times 



Verify 



Additional write 



X 



Address input 



X 



-/ Data input \ ( Data output i $$ ( 



/ 



Data input 



/ 



V_7 



\ 
\ 



\ f 



\ / 
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Figure 3. EPROM Read Timing 



a 



Address input 



X 



\ 



/ 



\ 



/ 



Data output 



INSTALLATION 

Direct soldering to pins of the juPD70P322 is not allowed. 
The device must be installed in a socket. 

ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

T A = 25°C 



Supply voltage, Vqd 




-0.5 to +7.0 V 


Input voltage, V| 




-0.5toV DD +0.5 < +7.0 V 


Output voltage, Vo 




-0.5toV DD +0.5 < +7.0 V 


Threshold voltage, Vj^ 




-0.5toV DD +0.5 < +7.0 V 


Output current low, Iol 


Each output pin 4.0 mA (total 50 mA) 


Output current high, Ioh 


Each ou 


tput pin -2.0 mA (total -20 mA) 


Operating temperature ran 


ge, T 0PT 


-40 to +85°C 


Storage temperature range 


T STG 


-65 to + 150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Capacitance 

T A = 25°C; V DD = V 



Parameter 


Symbol 


Max 


Unit 


Conditions 


Input capacitance 


C| 


10 


PF 


f c = 1 MHz; 


Output capacitance 


c 


20 


pF 


unmeasured pins 
returned to ground 


I/O capacitance 


C|o 


20 


pF 



System Clock 



T A = -10 to + 70°C; V DD = + 5.0 V 
V ss = 0V;V TH = 0toV DD + 1 



:10% at 5 MHz, ±5% at 8 MHz 



Parameter 


fiPD70P322 
Min Max 


juPD70P322-8 
Min Max 


Unit 


Internal Oscillator 


Frequency, f xx 


4 


10 


4 


16 


MHz 


External Clock 


Frequency, f x 


4 


10 


4 


16 


MHz 


Rise/fall time, tR/tp 





10 





10 


ns 


X1 input, high/low 
level width, Xqh^oY. 


35 


250 


20 


250 


ns 



System Clock Control Circuit 



Internal Oscillator 



C1 ~ 
HI-" C3 



C2 



T 



T_ 



(1) Mount the capacitors and crystal or ceramic 

resonator as close to pins X1 and X2 as possible. 



(2) Do not route other signal lines through the shaded 
area. 



External Clock 



-t> 
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Recommended Oscillator Components 



Ceramic Resonator (Note 1) 


Capacitors 
C1 (pF) 




Manufacturer 


Product No. 


C2(pF) 


Kyocera 


KBR-10.0M 


33 


33 


Murata Mfg. 


CSA.10.0MT 


47 


47 




CSA16.0MX040 


30 


30 


TDK 


FCR10.M2S 


30 


30 




FCR16.0M2S 


15 


6 



Crystal (Note 2) 
Manufacturer 


Product No. 


Capacitors 
C1 (pF) 


C2 (pF) 


Kinseki 


HC-49/U 


15 


15 




HC-43/U 


15 


15 



Notes: 

(1) Ceramic resonator product no. includes the frequency: 10.0 or 
16.0 MHz. 



(2) Crystal frequencies: 10, 16 MHz. 



DC Characteristics 1; V25/V35 Mode 

T A = -10 to +70°C; V DD = +5.0 V ±10 % 












Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Conditions 




Input voltage, low 




V|L 







0.8 


V 






Input voltage, high 




V|H1 


2.2 




Vdd 


V 


All except RESET, P1q/NMI, X1, X2 




V IH2 


0.8 V DD 




Vdd 


V 


RESET, PIq/NMI, 


X1.X2 


Output voltage, low 




Vol 






0.45 


V 


Iol = 1.6 mA 




Output voltage, high 




Voh 


V DD -1.0 






V 


Iqh = -0.4 mA 




Input current 




■in 






±20 


HA 


EA, PIq/NMI; V, n 


= to V DD 


Input leakage current 




Ili 






±10 


fiA 


All except EA, PIq/NMI; V, n = to V DD 


Output leakage current 




'lo 






±10 


fiA 


V = to V DD 




Vxh supply current 




Ith 




0.5 


1.0 


mA 


V TH = Oto V DD 




V DD supply current, fiPD70P32 


>2 


'ddi 




50 


100 


mA 


Operation mode 






bD2 




20 


40 


mA 


HALT mode 






>DD3 




10 


30 


fiA 


STOP mode 




Vqd supply current, juPD70P3J 


22-8 


■ddi 




65 


120 


mA 


Operation mode 






>DD2 




25 


50 


mA 


HALT mode 






'dD3 




10 


30 


fiA 


STOP mode 




DC Characteristics 2; EPROM Program Operati 

T A = 25 ±5°C; V DD = 6.0 ±0.25 V; V PP = 12.5 ±0.3 V 


on 










Parameter 


Symbol 


Min 


Typ 




Max 


Unit 


Conditions 


Input voltage, high 


V| H 




2.2 




V DD + 0.3 


V 




Input voltage, low 


V|L 




-0.3 






0.8 


V 




Input leakage current 


Ili 










10 


fiA 


V| H = to V DD 


Output voltage, high 


V H 




V DD -1 








V 


'OH = _40n f* A 


Output voltage, low 


Vol 










0.45 


V 


IOL=1-6mA 


Vqd supply current 


■dd 






40 






mA 




Vpp supply current 


lp P 






30 






mA 


CE = V| L , OE = V| H 



10 
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DC Characteristics 3; 

T A =25 ±5°C 


EPROM Read Operat 


ion 












Parameter 


Symbol 


Min 


Typ 




Max 


Unit 




Conditions 


Power supply voltage 


Vdd 


4.5 


5.0 




5.5 


V 






Write power supply voltage 


Vpp 










V 




V PP = V DD 


Input voltage, high 


V,H 


2.2 




\ 


^DD + 0.3 


V 






Input voltage, low 


Vil 


-0.3 






0.8 


V 






Input leakage current 


"LI 








10 


v* 




V| N = to V DD 


Output voltage, high 


V H 


V DD -1 








v 




l 0H = -400 fiA 


Output voltage, low 


Vol 








0.45 


V 




l L=1.6mA 


Output leakage current 


Ilo 








10 


/*A 




Vout = to V DD ; OE = v,h 


V DD supply current 


'dd 








40 


mA 




CE = V, L ; V, N = V| H 


Vpp supply current 


Ipp 




1 




100 


^A 




V PP = V dd 


AC Characteristics 1 ; V25/V35 Mode 

T A = -10 to +70°C; f C LK = 0-5 *° 5 MHz with V DD = 5 V ± 


10%; f CLK = 


5 to 8 MHz with V DD 


= 5V±; 


5% 








Symbol 


70P322 


70P322-8 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Conditions 


Input rise, fall times 




*IR. t|F 




20 




20 


ns 


Except X1 , X2, RESET, NMI 


Input rise, fall times (Schmitt) 




l IRS> t|FS 




30 




30 


ns 


RESET, NMI 


Output rise, fall times 




^R.^OF 




20 




20 


ns 


Except CLKOUT 


X1 cycle time 




l CYX 


98 


250 


62 


250 


ns 




X1 width, low 




l WXL 


35 




20 




ns 




X1 width, high 




twXH 


35 




20 




ns 




X1 rise, fall times 




*XR. *XF 




20 




20 


ns 




CLKOUT cycle time 




l CYK 


200 


2000 


125 


2000 


ns 


CLKOUT = f x /2 


CLKOUT width, low 




tWKL 


0.5T - 15 




0.5T - 15 




ns 


T = teYK 


CLKOUT width, high 




l WKH 


0.5T - 15 




0.5T - 15 




ns 




CLKOUT rise, fall times 




Vr. *kf 




15 




15 


ns 





AC Characteristics 2; V25 Mode 

T A = -10 to +70 C C; C[_ = 100 pF (max); T - tcYKi n = number of wait states inserted 
f CLK = 0.5 to 5 MHz with V DD = 5 V ±10%; f CLK = 5 to 8 MHz with V DD = 5 V ±5% 



Parameter 


Symbol 


Min 


Max 


Unit Conditions 


Address delay time 


l DKA 




90 


ns 


Address valid to input data valid 


tDADR 




(n + 1.5)T-90 


ns 


MREQ to data delay time 


l DMRD 




(n + 1)T-75 


ns 


MSTB to data delay time 


^DMSD 




(n+0.5)T-75 


ns 


MREQ to TC delay time 


l DMRTC 




0.5T + 50 


ns 




^MRMS 


0.5T - 35 


0.5T + 35 




MREQ to MSTB delay time 


ns 




tWMRL 


(n + 1)T-30 






MREQ width, low 


ns 


Address hold time 


*HMA 


0.5T - 30 




ns 


Input data hold time 


J HMDR 







ns 


Next control setup time 


^CC 


T-25 




ns 


TC width, low 


tWTCL 


2T - 30 




ns 
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AC Characteristics 2; V25 Mode (cont) 


Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


Address data output 


l DADW 




0.5T + 50 


ns 




MREQ delay time 


toAMR 


0.5T - 30 




ns 




MSTB delay time 


*DAMS 


T-30 




ns 






l WMSL 


(n + 0.5)T- 
30 




ns 




MSTB width, low 




Data output setup time 


*SDM 


(n + 1)T-50 




ns 




Data output hold time 


*HMDW 


0.5T - 30 




ns 




IOSTB delay time 


*DAIS 


0.5T - 30 




ns 




IOSTB to data input 


tolSD 




(n + 1)T-90 


ns 






*WISL 


(n + 1)T-30 




ns 




IOSTB width, low 




Address hold time 


l HISA 


0.5T - 30 




ns 




Data input hold time 


tHISDR 







ns 




Output data setup time 


tSDIS 


(n + 1)T-50 




ns 




Output data hold time 


*HISDW 


0.5T - 30 




ns 




Next DMARQ setup time 


l SDADQ 




T 


ns 


Demand mode 


DMARQ hold time 


^DADQ 







ns 


Demand mode 


DMAAK read width, low 


tWDMRL 


(n + 1.5)T- 
30 




ns 






tDDATC 




0.5T + 50 


ns 




DMAAK to TC delay time 




DMAAK write width, low 


*WDMWL 


(n + 1)T-30 




ns 




REFRQ delay time 


*DARF 


0.5T - 30 




ns 




RE FRQ width, low 


tWRFL 


(n + 1)T-30 




ns 




Address hold time 


*HRFA 


0.5T - 30 




ns 




RESET width, low 


tWRSLI 


30 




ms 


STOP mode release/Power-on reset 


RESET width, low 


tWRSL2 


5 




flS 


System reset 




tSCRY 




(n - 1)T - 100 


ns 




MREQ, IOSTB to READY setup time 


n a 2 




*HCRY 


(n-1)T 




ns 




MREQ, IOSTB to READY hold time 


n a 2 


HLDAK output delay time 


*DKHA 




80 


ns 




BUS control float to HLDAK 4- 


tCFHA 


T-50 




ns 




HLDAK T to control output time 


^HAC 


T - 50 




ns 




HLDRQ I to control output time 


*DHQC 


3T + 30 




ns 




HLDAK width, low 


%HAL 


T 




ns 




HLDRQ setup time 


^SHQK 


30 




ns 




HLDRQ to HLDAK delay time 


tDHQHA 




3T + 160 


ns 




HLDRQ width, low 


tWHQL 


1.5T 




ns 




INTP, DMARQ setup time 


tSlQK 


30 




ns 




INTP, DMARQ width, high 


^IQH 


8T 




ns 




INTP, DMARQ width, low 


twiQL 


8T 




ns 




POLL setup time 


tSPLK 


30 




ns 




NMI width, high 


*WNIH 


5 




flS 




NMI width, low 


*WNIL 


5 




fXS 




CTS" width, low 


%CTL 


2T 




ns 
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AC Characteristics 2; 


V25 Mode (cont) 










Parameter 




Symbol 


Min 


Max 


Unit 


Conditions 


INT setup time 




*SIRK 


30 




ns 




INT hold time 




l HIAIQ 







ns 




INTAK width, low 




^WIAL ; 


2T-30 




ns 




INTAK delay time 




*dkia 




80 


ns 




INTAK width, high 




twiAH 


T-30 




ns 




INTAK to data delay time 




tDIAD 




2T - 130 


ns 




INTAK to data hold time 




l HIAD 





0.5T 


ns 




SCKO cycle time 




tCYTK 


1000 




ns 




SCKO (TSCK) width, high 




^WSTH 


450 




ns 




SCKO (TSCK) width, low 




*WSTL 


450 




ns 




TxD delay time 




bTKD 




210 


ns 




TxD hold time 




tRTKD 


20 




ns 




CTSO (RSCK) cycle time 




tCYRK 


1000 




ns 




CTSO (RSCK) width, high 




%SRH 


420 




ns 




CTSO (RSCK) width, low 




l WSRL 


420 




ns 




RxD setup time 




l SRDK 


80 




ns 




RxD hold time 




^HKRD 


80 




ns 




AC Characteristics 3; V35 Mode 

T A = -10 to +70°C; C|_ = 100 pF (max); T = tcYKl n = number of wait states inserted 
f C LK = 0.5 to 5 MHz with V DD = 5 V ±10%; f C LK = 5 to 8 MHz with V DD = 5 V ±5% 


Parameter 


Symbol 


Min 




Max 


Unit 


Conditions 


Address delay time 


l DKA 






90 


ns 




Address valid to input data 
valid 


*DADR 






(n + 1.5)T-90 


ns 




MREQ to data delay time 


tDMRD 






(n +2)T - 75 


ns 




MSTB to data delay time 


*DMSD 






(n+1)T-75 


ns 




MREQ to TC delay time 


*DMRTC 






0.5T + 50 


ns 




MREQ to MSTB delay time 


tDMRMSI 


T-35 




T + 35 


ns 


Read operation 




*DMRMS2 


(n + 1)T- 


35 


(n + 1)T + 35 


ns 


Write operation 




tDMRMS 


0.5 T - 30 




ns 




MREQ width, low 


l WMRL 


(n+2)T-. 


30 




ns 




Address hold time 


*HMA 


0.5T - 30 




ns 




Input data hold time 


*HMDR 









ns 




Next control setup time 


tscc 


T-25 






ns 




TC width, low 


tWTCL 


2T-30 






ns 




Address data output 


*DADW 






0.5T + 50 


ns 




MREQ delay time 


l DAMR 


0.5T - 30 




ns 




R/W to MSTB delay time 


toRMS 


0.5T - 30 




ns 






l DWMS 


(n + 0.5)T - 


-30 




ns 




MSTB width, low 


tWMSU 


(n + 1)T- 


30 




ns 


Read operation 




%MSL2 


T-30 






ns 


Write operation 
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AC Characteristics 3; V35 Mode (cont) 


Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


Data output setup time 


tSDM 


(n +2)T - 50 




ns 




Data output hold time 


tHMDW 


0.5T - 50 




ns 




IOSTB delay time 


tDMRIS 


T-35 




ns 




IOSTB to data input 


l DISD 




(n + 1) T - 90 


ns 




IOSTB width, low 


twiSL 


(n+1)T-30 




ns 




Address hold time 


tHISA 


0.5T - 30 




ns 




Data input hold time 


tHISDR 







ns 




Output data setup time 


*SDIS 


(n +2)T - 50 




ns 




Output data hold time 


tHISDR 







ns 




Next DMARQ setup time 


tSDADQ 




T 


ns 


Demand mode 


DMARQ hold time 


l HDADQ 







ns 


Demand mode 


DMAAK read width, low 


tWDMRL 


(n + 1.5)T-30 




ns 




DMAAK to TC delay time 


*DDATC 




0.5T + 50 


ns 




DMAAK write width, low 


tWDMWL 


(n +2)T - 30 




ns 




REFRQ delay time 


*DARF 


0.5T - 30 




ns 




RE FRQ width, low 


*WRFL 


(n+1)T-30 




ns 




Address hold time 


*HRFA 


0.5T - 30 




ns 




RESET width, low 


tWRSL.1 


30 




ms 


STOP mode release/Power-on reset 


RESET width, low 


*WRSL2 


5 




|US 


System reset 


MREQ, IOSTB to READY setup 
time 


tSCRY 




nT - 100 


ns 


n s 2 


MREQ, IOSTB to READY hold 
time 


l HCRY 


nT 




ns 


n s 2 


HLDAK output delay time 


l DKHA 




80 


ns 




BUS control float to HLDAK i 


tCFHA 


T-50 




ns 




HLDAK T to control output time 


tDHAC 


T-50 




ns 




HLDRQ 4. to control output time 


l DHQC 


3T + 30 




ns 




HLDAK width, low 


l WHAL 


T 




ns 




HLDRQ setup time 


l SHQK 


30 




ns 




HLDRQ to HLDAK delay time 


tuHQHA 




3T + 160 


ns 




HLDRQ width, low 


*WHQL 


1.5T 




ns 




INTP, DMARQ setup time 


tSTQK 


30 




ns 




INTP, DMARQ width, high 


*WIQH 


8T 




ns 




INTP, DMARQ width, low 


twiQL 


8T 




ns 




POLL setup time 


*SPLK 


30 




ns 




NMI width, high 


tWNIH 


5 




flS 




NMI width, low 


^WNIL 


5 




jus 




CT§ width, low 


*WCTL 


2T 




ns 




INT setup time 


tsiRK 


30 




ns 




INT hold time 


tHAIQ 







ns 




INTAK width, low 


twiAL 


2T-30 




ns 




INTAK delay time 


tDKIA 




80 


ns 
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AC Characteristics 3; 


V35 Mode (cont) 












Parameter 




Symbol 


Min 


Max 


Unit 


Conditions 




INTAK width, high 




l WIAH 


T-30 




ns 






INTAK to data delay time 




*DIAD 




2T-130 


ns 






INTAK to data hold time 




^lAD 





0.5T 


ns 






SCKO cycle time 




l CYTX 


1000 




ns 






SCK0 (TSCK) width, high 




l WSTH 


450 




ns 






SCKO (TSCK) width, low 




twSTL 


450 




ns 






TxD delay time 




tDTKD 




210 


ns 






TxD hold time 




^HTKD 


20 




ns 






CTSO (RSCK) cycle time 




tCYRK 


1000 




ns 






CTS0 (RSCK) width, high 




twSRH 


420 




ns 






CTSO (RSCK) width, low 




*WSRL 


420 




ns 






RxD setup time 




*SRDK 


80 




ns 






RxD hold time 




*HKRD 


80 




ns 






AC Characteristics 4; EPROM Program 

T A = 25 ±5°C, V DD = 6.0 ±0.25 V; V PP = 12.5 ±0.3 V 


Operation 










Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Condition 


Address setup time to CE i 




tAS 


2 






flS 




OE setup time 




tOES 


2 






flS 




Data input setup time to CE i 




*DS 


2 






jus 




Address retention time 




*ah 


2 






JUS 




Data input retention time 




bH 


2 






jus 




OE to data output float delay 




*DF 







1 


jus 




Vpp setup time to CE i 




Vps 


2 






jus 




V D d setup time to CE J. 




Vds 


2 






jus 




Initial program pulse width 




t pw 


0.95 


1.0 


1.05 


ms 




Additional program pulse width 


topw 


2.85 




78.75 


ms 




OE to data output delay time 




tOE 






2 


JUS 




AC Characteristics 5; EPROM Read Operation 

T A = 25 ±5°C, V DD = 5.0 ±0.5 V; Vpp = V DD 


Parameter 




Symbol 


Min 


Typ 


Max 


Unit 


Condition 


Address to data output delay time 


♦acc 






2 


flS 


UE = OE = V, L 


CE to data output delay time 




*CE 






2 


fis 


OE = V, L 


OE to data output delay time 




tOE 






1 


jus 


CE = V IL 


OE to data output float delay 




t DF 







1 


flS 


CE = V IL 


Address to output retention 




tQH 









jus 


C~E = UE = V| L 
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Figure 4. EPROM Program Operation Timing 
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Figure 5. EPROM Read Operation Timing 
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Comparator Characteristics 

T A = -10 to 70°C; f CL K = 0-5 t0 5 MHz with V DD = 5 V ±10%; 
f CLK = 5 to 8 MHz with V DD = 5 V ±5% 



Parameter 


Symbol 


Min Max Unit 


Accuracy 


VA COMP 


±100 mV 


Threshold voltage 


V T H 


V DD + 0.1 V 


Comparison time 


l COMP 


64 65 t CYK 


PT input voltage 


V IPT 


V DD V 


Data Memory STOP Mode; Low Supply Voltage 
Data Retention 

T A = -10 to +70°C 


Parameter 




Symbol Min Max Unit 


Data retention supply 


voltage 


V DDDR 2.5 5.5 V 


V DD rise, fall time 




Wd> Wd 20 ° t* s 
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UPD70325 (V25 Plus) 

16-Bit Microcomputer: 

High-Speed DMA, Single-Chip, CMOS 



Description 

The/iPD70325 (V25 Plus) is a high-performance, 16-bit, 
single-chip microcomputer with an 8-bit external data 
bus. The /L/PD70325 is fully software compatible with 
the ^PD70108/116 (V20®/30®) as well as the juPD70320/ 
330 (V25™/35™). The V25 Plus microcomputer demon- 
strates numerous enhancements over the standard 
V25; however, it maintains strict pin compatibility with 
its predecessor, the V25. 

The V25 Plus offers improved DMA transfer rates to 5 
megabytes/second, additional serial channel status 
flags, improved memory access timing, and enhanced 
software control of register bank context switching. 

The /iPD70325 has the same complement of internal 
peripherals as the V25 and maintains compatibility 
with existing drivers; however, some modification qf 
DMA device drivers may be necessary. The jl/PD70325 
does not offer on-chip ROM or EPROM. 

Features 

a 16-bit CPU and internal data paths 

a Functional and pin compatibility with V25 

° Software compatible with juPD8086 

n New and enhanced V-Series instructions 

° 6-byte prefetch queue 

° Two-channel high-speed DMA controller 

n Minimum instruction cycle 

— 250 ns at 8 MHz 

— 200 ns at 10 MHz 



° Internal 256-byte RAM memory 

e 1 -megabyte memory address space 

a Eight internal memory-mapped register banks 

n Four multifunction I/O ports 

— 8-bit analog comparator port 

— 20 bidirectional port lines 

— Four input-only port lines 

n Two independent full-duplex serial channels 

a Priority interrupt controller 

— Standard vectored service 

— Register bank switching 

— Macroservice 

n Pseudo SRAM and DRAM refresh controller 

a Two 16-bit timers 

d On-chip time base counter 

a Programmable wait state generator 

o Two standby modes: STOP and HALT 



Ordering Information 




Part Number Clock (MHz) 


Package 


//PD70325L-8 8 


84-pin PLCC 


L-10 10 




GJ-8 8 


94-pin plastic QFP 


GJ-10 10 





V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 
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Pin Configurations 
84-Pin PLCC 
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Notes: 








(1) Pin functions are identical to U.PD70320. 








(2) All IC pins should be tied together and pulled up to V qq with a 








10- to 20-kfl resistor. 








(3) EA must be tied low because H.PD70325 does not support Internal 








ROM or E PROM. 
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94-Pin Plastic QFP 
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(1 ) Pin functions are identical to U.PD70320. 

(2) All IC pins should be tied together and pulled up to V qd with a 
10- to 20-kfl resistor. 

(3) EA must be tied low because U.PD70325 does not support internal 
ROM or EPROM. 
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Pin Identification 



Symbol 


Function 


A0-A19 


Address bus outputs 


CLKOUT 


System clock output 


CTSO 


Clear to send channel input 


CTST 


Clear to send channel 1 input 


D -D 7 


Bidirectional data bus 


EA 


External access 






IOSTB 


I/O strobe output 


MREQ 


Memory request output 






MSTB 


Memory strobe output 


P0 -P0 7 


I/O port 


PIq/NMI 


Port 1 input line; nonmaskable interrupt 


P1 r P1 2 /INTP0- 
INTP1 


Port 1 input lines; external interrupt input lines 


PI3/INTP2/ 
INTAK 


Port 1 input line; external interrupt input line; 
interrupt acknowledge output 


PI4/I NT/POLL 


I/O port 1 ; interrupt request input; I/O poll input 


P15/TOUT 


I/O port 1; timer out 


PVSCKO 


I/O port 1 ; serial clock output 


P1 7 /READY 


I/O port 1 ; ready input 


P2 /DMARQ0 


I/O port 2; DMA request 


P2VDMAAK0 


I/O port 2; DMA acknowledge 


P2 2 /TC0 


I/O port 2; DMA terminal count 


P23/DMARQI 


I/O port 2; DMA request 1 


P2 4 /DMAAK1 


I/O port 2; DMA acknowledge 1 


P25/TCT 


I/O port 2; DMA terminal count 1 


P2e/HLDAK 


I/O port 2; hold acknowledge output 


P2 7 /HLDRQ 


I/O port 2; hold request input 


PT0-PT7 


Comparator port input lines 


REFRQ 


Refresh pulse output 






RESET 


Reset input 


RxDO 


Serial receive data channel input 


RxD1 


Serial receive data channel 1 input 


R/W 


ReadAVrite output 


TxDO 


Serial transmit data, channel input 


TxD1 


Serial transmit data, channel 1 input 


X1.X2 


Crystal connection terminals 


v D d 


Positive power supply voltage 


Vth 


Threshold voltage input 


GND 


Ground reference 


IC 


Internal connection 



PIN FUNCTIONS 

A -A 19 (Address Bus) 

Ao-A 19 is the nonmultiplexed 20-bit address bus used to 
access all external devices. 

CLKOUT (System Clock) 

This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 



CTSn, RxDn, TxDn, SCKO (Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out) 

The two serial ports (channels and 1) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 

D -D 7 (Data Bus) 

D -D 7 is the 8-bit external data bus. 



DMARQn, DMAAKn, TCn (DMA Request, DMA 
Acknowledge, Terminal Count) 

These are the control signals to and from the on-chip 
DMA controller. 

EA(External Access) 

If this pin is low on reset, the /JPD70322 (V25) will 
execute program code from external memory instead 
of internal ROM. 

Because the V25 Plus does not support internal ROM, 
the EA pin must be fixed low in hardware. 



HLDAK (Hold Acknowledge) 



The HLDAK output (active low) informs external de- 
vices that the CPU has released the system bus. 

HLDRQ(Hold Request) 

The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following li nes go into a 
high-impedanc e st atus: A p-A-ig, D -D 7 , MREQ, R/W, 
MSTB, REFRQ, and IOSTB. 

INT (Interrupt Request) 

INT is a maskable, active-high, vectored interrupt re- 
quest . After assertion, external hardware must provide 
the interrupt vector number. 

The INT pin allows direct connection of slave /JPD71059 
interrupt controllers. 
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INTAK (Interrupt Acknowledge) 



After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 

INTP0-INTP2 (External Interrupt) 

INTP0-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. 



IOSTB (I/O Strobe) 



IOSTB is asserted during read and write operations to 
external I/O. 



MREQ (Memory Request) 



MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 



MSTB (Memory Strobe) 



MSTB (active low) is asserted during read and write 
operations to external memory. 

NMI (Nonmaskable Interrupt) 

NMI cannot be masked through software and is typically 
used for emergency processing. Upon execution, the 
interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 

P0 -P0 7 (Port 0) 

PO0-PO7 are the lines of port 0, an 8-bit bidirectional 
parallel I/O port. 

PI0-PI7 (Port 1) 

The status of PI0-PI3 can be read but these lines are 
always control functions. P1 4 -P1 7 are the remaining lines 
of parallel port 1 ; each line is individually programmable 
as either an input, an output, or a control function. 

P2 -P2 7 (Port 2) 

P2 -P2 7 are the lines of port 2, an 8-bit bidirectional 
parallel I/O port. The lines can also be used as control 
signals for the on-chip DMA controller. 



POLL (Poll) 



Upon execution of the POLL instruction, the CPU checks 
the status of this pin and, if low, program execution 
continues. If high, the CPU checks the level of the line 



every five clock cycles until it is low. POLL can be used 
to synchronize program execution to external condi- 
tions. 

PT0-PT7 (Comparator Port) 

PT0-PT7 are inputs to the analog comparator port. 

READY (Ready) 

After READY is de-asserted low, the CPU synchronizes 
and inserts at least two wait states into a read or write 
cycle to memory or I/O. This allows the processor to 
accommodate devices whose access times are longer 
than nominal jiPD70325 bus cycles. 



REFRQ (Refresh) 

This active-low output pulse can refresh nonstatic RAM. 
It can be programmed to meet system specifications an 
is internally synchronized so that refresh cycles do not 
interfere with normal CPU operation. 



RESET (Reset) 



A low on RES ET resets the CPU and all on-chip periph- 
erals. R ESET can also release the standby modes. After 
RESET returns high, program execution begins from 
address FFFFOH. 

R/W (Read/Write) 

R/W output allows external hardware to determine if the 
current operation is a read or a write cycle. It can also 
control the direction of bidirectional buffers. 

TOUT (Timer Out) 

TOUT is the square-wave output signal from the internal 
timer. 

X1, X2 (Crystal Connections) 

The internal clock generator requires an external crystal 
across these terminals. By programming the PRC regis- 
ter, the system clock frequency can be selected as the 
oscillator frequency (fosc) divided by 2, 4, or 8. 

Vqd (Power Supply) 

Two positive power supply pins (V DD ) reduce internal 
noise. 
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Vth (Threshold Voltage) 

The comparator port uses this pin to determine the 
analog reference point. The actual threshold to each 
comparator line is programmable to Vth x n / 1 @ where n 
= 1to16. 



GND (Ground) 

Two ground connections reduce internal noise. 

IC (Internal Connection) 

All IC pins should be tied together and pulled up to Vqd 
with a 10- to 20-kO resistor. 



pPD70325 Block Diagram 
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(1) The U.PD70325 (V25 Plus) is not a masked ROM product. 
Internal ROM is reserved and not accessible. 

(2) Shaded blocks are functionally different on V25 Plus and V25. 
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FUNCTIONAL DESCRIPTION 

The following features enable the nPD70325 to perform 
high-speed execution of instructions. 

• Dual internal data bus 

• 16- and 32-bit temporary registers/shifters 

• 16-bit loop counter 

• Program counter and prefetch pointer 

Dual Data Bus 

The /xPD70325 has two internal 16-bit data buses: the 
main data bus and the secondary data bus. This reduces 
the processing time required for addition/subtraction 
and logical comparison instructions by one third over 
single-bus systems. The dual data bus method allows 
two operands to be fetched simultaneously from the 
general-purpose registers and transferred to the ALU. 

16- and 32-Bit Temporary Registers/Shifters 

The 16-bit temporary registers/shifters (TAand TB) allow 
high-speed execution of multiplication/division and 
shift/rotate instructions. Using the temporary registers, 
the pPD70325 can execute multiplication/division in- 
structions about four times faster than with the micro- 
programmed method. 

Loop Counter (LC) 

The dedicated hardware loop counter (LC) counts the 
number of iterations for string operations and the num- 
ber of shifts performed for multiple-bit shift/rotate in- 
structions. The loop counter works with internal dedi- 
cated shifters to speed the processing of multiplication/ 
division instructions. 

Program Counter and Prefetch Pointer 
(PCandPFP) 

The hardware PC addresses the memory location of the 
instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
by the instruction queued next. Several clock cycles are 
saved for branch, call, return, and break instructions. 



Register Set 

Figure 1 shows the eight banks of internal registers, 
which the j*PD70325 has functionally mapped into inter- 
nal RAM. Each bank contains general-purpose registers, 
pointer and index registers, segment registers, and save 
areas for context switching. 

Although these memory locations may be accessed as 
normal RAM with the full set of memory addressing 
modes provided by the V25 family, the capability of 
context switching provides superior speed in register 
access. When used in the internal memory disabled 
state, many instructions execute considerably faster. 

Eight macroservice channel control blocks are also 
mapped into register banks and 1. The V25 Plus does 
not map the DMA channel control blocks into the inter- 
nal RAM like the V25; instead, these control blocks are 
mapped into the special function register area. 

General-Purpose Registers (AW, BW, CW, DW). Four 
16-bit general-purpose registers (AW, BW, CW, and DW) 
can serve as 16-bit registers or as four sets of dual 8-bit 
registers (AH, AL, BH, BL, CH, CL, DH, and DL). The 
instruction classes default to the following general- 
purpose registers. 

AW Word multiplication/division, word I/O, data 

conversion. 
AL Byte multiplication/division, byte I/O, BCD 

rotation, data conversion, translation. 
AH Byte multiplication/division. 
BW Translation 

CW Loop control, branch, and repeat prefixes. 
CL Shift instructions, rotate instructions, BCD 

operations. 
DW Word multiplication/division, indirect I/O 

addressing. 

Pointers (SP, BP) and Index Registers (IX, IY). These 
registers are 16-bit base pointers (SP, BP) or index 
registers (IX, IY) in based addressing, indexed address- 
ing, and based indexed addressing. They are used as 
default registers under the following conditions. 

SP Stack operations 

IX Block transfer (source), BCD string operations 
IY Block transfer (destination), BCD string 
operations 
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Figure 1. Internal RAM Mapping 
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Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each seg- 
ment register functions as a base address to a block; the 
effective address is an offset from that base. Physical 
addresses are generated by shifting the associated seg- 
ment register left by four binary digits and then adding 
the offset address. The segment registers and default 
offsets are listed below. 



Segment Register 
PS (Program Segment) 
SS (Stack Segment) 
DSO (Data Segment 0) 
DS1 (Data Segment 1) 



Default Offset 
PC (Program Counter) 
SP and Effective Address 
IX and Effective Address 
IY and Effective Address 



Save Registers (Save PC and Save PSW). Save PC and 
save PSW are used as the storage areas during register 
bank context-switching operations. The Vector PC save 
location contains the effective address of the interrupt 
service routine when register bank switching is used to 
service interrupts. 

Program Counter (PC). The PC is a 16-bit binary 
counter that contains the offset address from the pro- 
gram segment of the next instruction to be executed. It 
is incremented every time an instruction is received from 
the queue. It is loaded with a new location whenever the 
branch, call, return, break, or interrupt is executed. 
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Program Status Word (PSW). The PSW contains status 
and control flags used by the CPU and two general- 
purpose user flags. The configuration of this 16-bit reg- 
ister is shown below. 
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Status Flags 



V 

S 

Z 

AC 

P 

CY 



Overflow bit 

Sign 

Zero 

Auxiliary carry 

Parity 

Carry 



Control Flags 
DIR 



Direction of string 

processing 
IE Interrupt enable 

BRK Break (after every 

instruction) 
RBn Current register 

bank flags 
BRKI I/O trap enable 
FO, F1 General-purpose 

user flags 

The eight low-order bits of the PSW can be stored in 
register AH and restored using a MOV instruction. The 
only way to alter the RBn bits with software is to execute 
an RETRBI or RETI instruction. 

Memory Map 

The nPD70325 has a 20-bit address bus that can directly 
access 1 megabyte of memory. Figure 2 shows the 
memory map. The internal data area (IDA) is a 256-byte 
internal RAM area followed consecutively by a 256-byte 
special function register (SFR) area. 

All the data and control registers for on-chip peripherals 
and I/O are mapped into the SFR area and accessed as 
RAM. 

The IDA is dynamically relocatable in 4K-byte increments 
by changing the value in the internal data base (IDB) 
register. The value in this register is assigned as the 
uppermost eight bits of the IDA address. The IDB register 
is accessed from two memory locations, FFFFFH and 
XXFFFH, where XX is the value in the IDB register. 

On reset, the internal data base register is set to FFH, 
which maps the IDA into the internal ROM space. How- 
ever, since internal ROM is not present on the jiPD70325, 
this does not present a problem. You can select any of 
the eight possible register banks, which occupy the 
entire internal RAM space. Multiple register bank selec- 
tion allows faster interrupt processing and facilitates 
multitasking. 



In large-scale systems where internal RAM is not re- 
quired for data memory, internal RAM can be removed 
completely from the address space and dedicated en- 
tirely to register banks and control functions such as 
macroservice.You do this by clearing the RAMEN bit in 
the processor control register. When the RAMEN bit is 
cleared, internal RAM can only be accessed by register 
addressing or internal control processes. Many instruc- 
tions execute faster when internal RAM is disabled. 

Figure 2. Memory Map 















External 
Area 


FFFFFH 


/ 










XXFFFH 

XXFOOH 
XXEFFH 

XXEOOH 


Special Function 
Registers 
[256 Bytes] 


"7 
f 

7 

/ 


Internal RAM 
[256 Bytes] 


00000H 








Vector 

Table 

(1 KBytes) 




1M 


Bytes Memory Space 




83YL-6771A 



INSTRUCTIONS 

The /*PD70325 instruction set is fully compatible with the 
V20 native mode instruction set. The V25 Plus is a 
superset of the /*PD8086/8088 instruction set with differ- 
ent execution times and mnemonics. 

The /uPD70325 does not support the V20 8080 emulation 
mode. 
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Enhanced Instructions 

In addition to the pPD8086/8088 instructions, the 
jaPD70325 provides the following enhanced instructions. 



Instruction 


Description 


PUSH imm 


Pushes immediate data onto stack 


PUSH R 


Pushes 8 general registers onto stack 


POPR 


Pops 8 general registers from stack 


MUL imm 


Executes 16-bit multiply of register or 




memory contents by immediate data 


SHL imm8 


Shifts/rotates register or memory by 


SHR imm8 


immediate data 


SHRA imm8 




ROL imm8 




ROR imm8 




ROLC imm8 




RORC Imm8 




CHKIND 


Checks array index against designated 




boundaries 


INM 


Moves a string from an I/O port to 




memory 


OUTM 


Moves a string from memory to an I/O 




port 


PREPARE 


Allocates an area for a stack frame and 




copies previous frame pointers 


DISPOSE 


Frees the current stack frame on a 




procedure exit 



Unique Instructions 

The nPD70325 provides the following unique instruc- 
tions. 

Instruction Description 

INS Inserts bit field 

EXT Extracts bit field 

ADD4S Performs packed BCD string addition 

SUB4S Performs packed BCD string subtraction 

CMP4S Performs packed BCD string comparison 

ROL4 Rotates BCD digit left 

ROR4 Rotates BCD digit right 

TEST1 Tests bit 

SET1 Sets bit 

CLR1 Clears bit 

NOT1 Complements bit 

BTCLR Tests bit; if true, clear and branch 

REPC Repeat while carry set 

REPNC Repeat while carry cleared 



Variable-Length Bit Field Operation Instructions 

Bit fields are a variable-length data structure that can 
range from 1 to 16 bits. The pPD70325 supports two 
separate operations on bit fields: insertion (INS) and 
extraction (EXT). There are no restrictions on the posi- 
tion of the bit field in memory. 

Separate segment, byte offset, and bit offset registers 
are used for insertion and extraction. Following the 
execution of these instructions, both the byte offset and 
bit offset are left pointing to the start of the next bit field, 
ready for the next operation. Bit field operation instruc- 
tions are powerful and flexible and are therefore highly 
effective for graphics, high-level languages, and 
packing/unpacking applications. 

Bit field insertion copies the bit field of specified length 
from the AW register to the bit field addressed by 
DS1 :IY:reg8 (8-bit general-purpose register). The bit field 
length can be located in any byte register or supplied as 
immediate data. Following execution, both IY and reg8 
are updated to point to the start of the next bit field. 

Bit field extraction copies the bit field of specified length 
from the bit field addressed by DS0:IX:reg8 to the AW 
register. If the length of the bit field is less than 16 bits, 
the bit field is right justified with a zero fill. The bit field 
length can be located in any byte register or supplied as 
immediate data. Following execution, both IX and reg8 
are updated to point to the start of the next bit field. 

Figures 3 and 4 further illustrate bit field insertion and 
bit field extraction, respectively. 

Packed BCD Instructions 

Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, and CMP4S) or byte 
format operations (ROR4 and ROL4). Packed BCD 
strings may be 1 to 254 digits in length. The two BCD 
rotation instructions rotate a single BCD digit in the 
lower half of the AL register using the register or 
thememory operand. 

Bit Manipulation Instructions 

The pPD70325 provides five unique bit manipulation 
instructions that allow you to test, set, clear, or comple- 
ment a single bit in a register or memory operand. This 
increases code readability as well as performance over 
the logical operations traditionally used to manipulate 
bit data. These instructions also give you additional 
control over on-chip peripherals. 
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Figure 3. Bit Field Insertion 
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Figure 4. Bit Field Extraction 
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Additional Instructions 

Besides the V20 instruction set, the ftPD70325 provides 
the following additional instructions. 

Instruction Description 

BTCLR Bit test and if true, clear and 

Sfr.imm3, branch; otherwise, no operation 

short-label 

STOP Power-down instruction; stops 

(no operand) oscillator 

RETRBI Return from register bank context 

(no operand) switch interrupt 



FINT Finished interrupt; after completion 

(no operand) of a hardware interrupt request, this 
instruction must be used to reset 
the current priority bit in the in- 
service priority register, ISPR. Not 
for use with NMI or INT interrupt 
service routines. 

Repeat Prefixes 

Two repeat prefixes (REPC and REPNC) allow condi- 
tional block transfer instructions to use the state of the 
CYflag as the termination condition. This allows inequal- 
ities to be used when working on ordered data, thus 
increasing performance when searching and sorting 
algorithms. 
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Bank Switch Instructions 

The following instructions allow the effective use of the 
register banks for software interrupts and multitasking. 

Instruction Description 

BRKCS reg 16 Performs a high-speed software 
interrupt with context switch to 
register bank indicated by lower 3 
bits of register 16. 

TSKSW reg 16 Performs a high-speed task switch 
to register bank indicated by lower 3 
bits of register 16. The PC and PSW 
are saved in the old banks. PS and 
PSW save registers and the new PC 
and PSW values are retrieved from 
the new register bank's save areas. 

MOVSPA Transfers both SS and SP of old 

register bank to new register bank 
after bank has been switched by an 
interrupt or BRKCS instruction. 

MOVSPB reg16 Transfers SS and SP of current 

register bank before switching to SS 
and SP of new register bank indi- 
cated by lower 3 bits of register 16. 

INTERRUPT STRUCTURE 

The ^PD70325 can service interrupts generated by both 
hardware and software. Software interrupts are serviced 
through vectored interrupt processing. The following 
interrupts are provided. 



Interrupt 
Divide error 



Single step 



Overflow 



Interrupt 
instructions 
Array bounds 



Description 

The CPU traps if a divide error occurs 

as the result of a DIV or DIVU 

instruction. 

The interrupt is generated after every 

instruction if the BRK bit in the PSW is 

set. 

Using the BRKV instruction, an 
interrupt can be generated as the 
result of an overflow. 

The BRK 3 and BRK imm8 instructions 
can generate interrupts. 
The CHKIND instruction generates an 
interrupt if the specified array bounds 
are exceeded. 



Escape trap The CPU traps in an FP01.2 instruction 
to allow software to emulate the 
floating-point processor since the 
mPD70325 does not support an 
external hardware coprocessor. 

I/O trap If the I/O trap bit in the PSW is cleared, 

a trap is generated on every IN or OUT 
instruction. Software can then provide 
an updated peripheral address. This 
feature provides software portability 
between different systems. 

When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. However, since 
/aPD70325 internal peripherals are memory mapped, 
software conversion may be difficult. The I/O trap fea- 
ture allows for easy conversion from external peripherals 
to on-chip peripherals. 

Interrupt Vectors 

Table 1 lists the interrupt vectors beginning at physical 
address 00H. External memory is required to service 
these routines. By servicing interrupts via the macroser- 
vice function or context switching, this requirement can 
be eliminated. 

Each interrupt vector is 4 bytes wide. To service a vector- 
ed interrupt, the lower addressed word is transferred to 
the PC and the upper word to the PS. See figure 5. 

Figure 5. Interrupt Vector 
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Table 1. 


Interrupt Vectors 


Address 


Vector 


Assigned Use 


00 





Divide error 


04 


1 


Break flag 


08 


2 


NMI 


OC 


3 


BRK3 instruction 


10 


4 


BRKV instruction 


14 


5 


CHKINO instruction 


18 


6 


General purpose 


1C 


7 


FPO Instructions 


20-2C 


8-11 


General purpose 


30 


12 


INTSER0 (Interrupt serial error, channel 0) 


34 


13 


INTSR0 (Interrupt serial receive, channel 0) 


38 


14 


INTST0 (Interrupt serial transmit, channel 0) 


3C 


15 


General purpose 


40 


16 


INTSER1 (Interrupt serial error, channel 1) 


44 


17 


INTSR1 (Interrupt serial receive, channel 1) 


48 


18 


INTST1 (Interrupt serial transmit, channel 1) 


4C 


19 


I/O trap 


50 


20 


INTD0 (Interrupt from DMA, channel 0) 


54 


21 


INTD1 (Interrupt from DMA, channel 1) 


58 


22 


General purpose 


5C 


23 


General purpose 


60 


24 


INTPO (Interrupt from peripheral 0) 


64 


25 


INTP1 (Interrupt from peripheral 1) 


68 


26 


INTP2 (Interrupt from peripheral 2) 


6C 


27 


General purpose 


70 


28 


INTTU0 (Interrupt from timer unit 0) 


74 


29 


INTTU1 (Interrupt from timer unit 1) 


78 


30 


INTTU2 (Interrupt from timer unit 2) 


7C 


31 


INTTB (Interrupt from time base counter) 


080-3FF 


32-255 


General purpose 



Hardware Interrupt Configuration 

The V25 Plus features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 12 
internal). The interrupt configuration includes system 
interrupts that are functionally compatible with those of 
the V20/V30 and unique high-performance microcontrol- 
ler interrupts. 

Interrupt Sources 

The 17 interrupt sources are divided into groups for 
management by the interrupt controller. Using software, 
each of the groups can be assigned a priority from 
(highest) to 7 (lowest). The priority of individual inter- 
rupts within a group is fixed in hardware. 



Be careful when assigning the priority of a given inter- 
rupt group; the assignment is done by the three priority 
bits in only one interrupt control register in each group. 
If interrupts from different groups occur simultaneously 
and the groups have the same priority level, the priority 
is as shown in table 2. 

Table 2. Interrupt Sources 



Group 


Interrupt Source 
(Priority Within Group) 

1 2 3 


Default 
Priority 


Nonmaskable interrupt 


NMI 


- 


- 





Timer unit 


INTTU0 


INTTU1 


INTTU2 


1 


DMA controller 


INTD0 


INTD1 


- 


2 


External peripheral interrupt 


INTPO 


INTP1 


INTP2 


3 


Serial channel 


INTSER0 


INTSR0 


INTST0 


4 


Serial channel 1 


INTSER1 


INTSR1 


INTST1 


5 


Time base counter 


INTTB 


- 


- 


6 


Interrupt request 


INT 


- 


- 


7 



The priority of the currently active interrupt is stored in 
the ISPR special function register. Bits PR7-PR0 corre- 
spond to the eight possible interrupt request priorities. 
The ISPR keeps track of the priority of active interrupts 
by setting the appropriate bit of this register. The address 
of this 8-bit register is xxFFCH, and the format is shown 
below. 



PR 7 PR 6 PR 5 PR 4 PR 3 


PR 2 PR1 PRq 



NMI and INT are system type external vectored inter- 
rupts. NMI is not maskable via software, and is also 
recognized by the /iPD70325 during DMA demand- 
release transfer. INT is maskable by the IE bit in the PSW 
and requires that an external device provide the interrupt 
vector number. It is designed to allow the interrupt 
controller to be expanded by the addition of an external 
interrupt controller such as the ^PD71059. 

NMI, INTP0-INTP1 are edge-sensitive inputs. By select- 
ing the appropriate bits in the interrupt mode register, 
these inputs can be programmed to be either rising- or 
falling-edge triggered. Bits ES0-ES2 correspond to 
INTP0-INTP2, respectively, as shown in figure 6. 
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Figure 6. External Interrupt Mode Register (I NTM) The twelve internal interrupts are: 

INTTUO Timer unit interrupt 

INTTU1 Timer unit 1 interrupt 

INTTU2 Timer unit 2 interrupt 

INTDO DMA channel interrupt 

INTD1 DMA channel 1 interrupt 

INTSERO Serial channel error interrupt 

INTSRO Serial channel receive interrupt 

INTSTO Serial channel transmit interrupt 

INTSER1 Serial channel 1 error interrupt 

INTSR1 Serial channel 1 receive interrupt 

INTST1 Serial channel 1 transmit interrupt 

INTTB Time base counter interrupt 

Table 3 shows the various interrupt request control 
registers, the options for service, their relative priorities, 
and the options for multiple control. 



ES2 


INTP2 Input Effective Edge 



1 


Falling edge 
Rising edge 


ES1 


INTP1 Input Effective Edge 




1 


Falling edge 
Rising edge 


ESO 


INTPO Input Effective Edge 




1 


Falling edge 
Rising edge 


ESNMI 


NMI Input Effective Edge 



1 


Falling edge 
Rising edge 



The five external interrupts are: 

NMI Nonmaskable interrupt 

INT Cascaded PIC interrupt 

INTPO Interrupt from peripheral 

INTP1 Interrupt from peripheral 1 

INTP2 Interrupt from peripheral 2 



Table 3. 


Interrupt Processing 












Interrupt 
Source 


Interrupt 
vector 


Macro 
Service 


Bank 
Switching 


Priority 
Setting 


Priority 
Between Groups 


Priority 
Within Group 


Multiple 
Process Control 


NMI 


2 


No 


No 


Not available 





- 


Not accepted 


INT 


External 


No 


No 


Not available 


7 


- 


Not accepted 



INTTUO 



INTTU1 



28 



29 



Yes 



Yes 



Available 



Accepted 



INTTU2 


30 










3 


INTDO 


20 


No 


Yes 


Available 


2 


1 


INTD1 


21 




2 


INTPO 


24 


Yes 


Yes 


Available 


3 


1 


INTP1 


25 




2 


INTP2 


26 




3 


INTSERO 


12 


No 


Yes 


Available 


4 


1 


INTSRO 


13 


Yes 




2 


INTSTO 


14 


Yes 




3 


INTSER1 


16 


No 


Yes 


Available 


5 


1 


INTSR1 


17 


Yes 




2 


INTST1 


18 


Yes 




3 



INTTB 



31 



No 



No 



Not available 6 
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Interrupt Processing Modes 

Interrupts, with the exception of NMI, INT, and INTTB 
have high-performance capability and can be processed 
in any of three modes: standard vector method (compat- 
ible with V20/V30), register bank context switching (sup- 
ported in hardware), and macroservice (SFR transfers). 
The processing mode for a given interrupt can be chosen 
by enabling the appropriate bits in the corresponding 
interrupt request control register. Each interrupt, except 
INT and NMI, has its own associated IRC register. The 
general format for each of these registers is shown in 
figure 7. 

All interrupt processing routines other than those for 
NMI and INT must end with the execution of the FINT 
instruction. This instruction informs the interrupt con- 
troller that the current interrupt service routine is com- 
plete; if FINT is not executed within the service routine, 
subsequently only interrupts of higher priority will be 
accepted. 

In the vectored service mode, the CPU traps to a vector 
location. 

Figure 7. Interrupt Request Control Registers 
(IRC) 
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Open (interrupts enabled) 
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Register Bank Switching. 

Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected has the same 
bank number (0-7) as the priority programmed in the 



associated IRC register. The PC and PSW are automati- 
cally sorted in the save areas of the new register bank, 
and the address of the interrupt routine is loaded from 
the vector PC storage register in the new register bank. 

As in the vectored mode, the IE and BRK bits in the PSW 
are cleared to zero. After processing, execution of the 
RETRBI instruction must be executed to return control 
to the original register bank and restore the former PC 
and PSW Figures 8 and 9 show register bank context 
switching and register bank return. 

This method of interrupt service offers a dramatic per- 
formance advantage over normal vectored service be- 
cause there is no need to store and retrieve data/ 
registers on the stack. This also allows hardware-based 
real-time task switching in high-speed environments. 

In addition to context switching, the pPD70325 has a 
task switch opcode (TSKSW) that allows multiple inde- 
pendent processes to be internally resident. Figure 10 
shows the task switching function. 

Figure 8. Register Bank Context Switching 
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Figure 9. Register Bank Return 



Figure 10. Task Switching 
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Interrupt Factor Register 

The /aPD70325 provides an additional register that stores 
the interrupt vector number of the last-serviced interrupt 
request. The register is located in special-function mem- 
ory and is read only in 8-bit operations. This register 
facilitates the use of one register bank to service multiple 
interrupt sources, particularly those within the same 
group (interrupts within the same group will all context 
switch to the same register bank). 

The interrupt vector is stored in the IRQS register as 
shown in figure 11, and is retained until the next interrupt 
request is accepted. The value of the IRQS register is not 
altered by NMI, INT, or macroservice transfers. It is 
generally recommended that the IRQS register be read 
before the El bit is set within the interrupt service routine 
to assure that its contents will not be altered by multiple 
processing routines. 
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Figure 11. Interrupt Factor Register (IRQS) 
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Macroser vice Function 

The macroservice function (MSF) is a special micropro- 
gram that acts as an internal DMA controller between 
on-chip peripheral special-function registers and mem- 
ory. The MSF greatly reduces the software overhead and 
CPU time that other processors would require for regis- 
ter save processing, register returns, and other handling 
associated with interrupt processing. 

If the MSF is selected for a particular interrupt, each time 
the request is received, a byte or word of data is trans- 
ferred between an SFR and memory without interrupting 
the CPU. Each time a request occurs, the macroservice 
counter is decremented. When the counter reaches zero, 
an interrupt to the CPU is generated. The MSF also has 
a character search option. When selected, every byte 
transferred is compared to an 8-bit search character and 
an interrupt is generated if a match occurs or if the 
macroservice counter reaches zero. 

Like the NMI, INT, and INTTB, the two DMA controller 
interrupts (INTDO and INTD1) do not have MSF capabil- 
ity. 

Eight 8-byte macroservice channels are mapped into 
internal RAM from XXEOOH to XXE3FH. Each macro- 
service channel contains all necessary information to 
execute the macroservice process. Figure 12 shows the 
components of each channel. 

Figure 12. Macroservice Channels 
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Setting the macroservice mode requires programming 
the corresponding macroservice control register. Each 
individual interrupt, excluding INT, NMI, serial error, 
DMA, and TBC, has its own associated register. Figure 13 
shows the generic format for all MSC registers. 

Figure 13. Macroservice Control Registers 
(MSC) 
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TIMER UNIT 

The /iPD70325 (figure 14) has two programmable 16-bit 
interval timers (TM0 and TM1) on chip, each with vari- 
able input clock frequencies. Each of the two 16-bit timer 
registers has an associated 16-bit modulus register 
(MD0 and MD1). Timer operates in the interval timer 
mode or one-shot mode; timer 1 has only the interval 
timer mode. 

Interval Timer Mode 

In this mode, TM0/TM1 are decremented by the selected 
input clock, and, after counting out, the registers are 
automatically reloaded from the modulus registers and 
counting continues. Each time TM1 counts out, inter- 
rupts are generated through TF1 and TF2 (timer flags 1 
and 2). When TM0 counts out, an interrupt is generated 
through TF0. The timer-out signal can be used as a 
square-wave output whose half-cycle is equal to the 
count time. 

Two input clocks derived from the system clock are 
SCLK/6 and SCLK/128. Typical timer values shown be- 
low are based on fosc = 10 MHz and fscLK = f OSc/ 2 - 



Clock 

SCLK/6 

SCLK/128 



Timer Resolution 
1.2 us 
25.6 us 



Full Count 
78.643 /us 
1.678 s 
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Figure 14. Timer Unit Block Diagram 
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One-Shot Mode 

In the one-shot mode, TMO and MDO operate as indepen- 
dent one-shot timers. Starting with a preset value, each 
is decremented to zero. At zero, counting ceases and an 
interrupt is generated by TFO (from TMO) or TF1 (from 
MDO). 

When TMO is programmed to one-shot mode, TM1 may 
still operate in interval mode. 

Two input clocks derived from the system clock are 
SCLK/12 and SCLK/128. Typical timer values shown 
below are based on fosc = 10 MHz ar| d fsci-K = f osc/2. 



Clock 

SCLK/12 

SCLK/128 



Timer Resolution 
2.4 jas 
25.6 us 



Full Count 
157.283 ms 
1.678 s 



Figure 15. Timer Control Register (TMCO) 
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Figure 16. Timer Control Register 1 (TMC1) 
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Timer Control Registers 

Setting the desired timer mode requires programming 
the timer control register. See figures 15 and 16 for the 
TMC register format. 
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TIME BASE COUNTER 

The 20-bit free-running time base counter (TBC) controls 
internal timing sequences and is available as the source 
of periodic interrupts at lengthy intervals. One of the four 
interrupt periods can be selected by programming the 
TBO and TB1 bits in the processor control register (PRC). 
The TBC interrupt is unlike the others because it is fixed 
as a level 7 vectored interrupt. Macroservice and register 
bank switching cannot be used to service this interrupt. 
See figures 17 and 18. 

Figure 17. Time Base Interrupt Request 
Control Register (TBIC) 
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Figure 18. Processor Control Register (PRC) 
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The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 

The TBC (figure 19) uses the system clock as the input 
frequency. The system clock can be changed by pro- 
gramming the PCKO and PCK1 bits in the processor 
control register (PRC). Reset initializes the system clock 
to fosc/8 (fosc = external oscillator frequency). 

Figure 19. Time Base Counter (TBC) Block 
Diagram 
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REFRESH CONTROLLER 

The jtPD70325 has an on-chip refresh controller for 
dynamic and pseudostatic RAM memory. The refresh 
controller generates refresh cycles between the normal 
CPU bus cycles according to the refresh specifications 
programmed. 

The refresh controller outputs a 9-bit refresh address on 
address bits Ae-Ao during the refresh bus cycle. Address 
bits A19-A9 are fixed to 0s during this cycle. The 9-bit 
refresh address is automatically incremented at every 
refresh cycle for 512 row addresses. The 8-bit refresh 
mode (RFM) register (figure 20) specifies the refresh 
operation and allows refresh during both CPU HALT and 
HOLD m odes. Refresh cycles are automatically timed to 
REFRQ following read/write cycles to minimize the ef- 
fect on system throughput. 



As shown in figure 20, the REFRQ output level is deter- 
mined by the by the RFLV and RFEN bits of the RFM 
register. 
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Figure 20. Refresh Mode Register (RFM) 
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SERIAL INTERFACE 

The j*PD70325 has two full-duplex UARTs, channels 
and 1 . Each channel has a transmit line (TxDn), a receive 
line (RxDn), and a clear-to-send (CTSn) handshaking 
line. Communication is synchronized by a start bit, and 
either even, odd, or no parity may be programmed. 
Character length may be programmed to either 7 or 8 
bits, and either 1 or 2 stop bits may be selected. 

Each serial channel of the /xPD70325 has a dedicated 
baud rate generator, so there is no need to obligate any 
of the on-chip timers to handle this function. The baud 
rate generators allow individual transfer rates for each 
channel and support rates up to 1.25 Mb/s. All standard 
baud rates are available and are not restricted by the 
value of the particular external crystal. 

Each baud rate generator has an 8-bit data register 
(BRGn) that functions as a prescaler to a programmable 
input clock selected by the serial communication control 
register (SCCn). Together these must be set to generate 
a frequency equivalent to the desired baud rate. 



The baud rate generator can be programmed to obtain 
the desired transmission rate according to the following 
formula: 

Rvr SCLKx1Q6 

Bxe " 2 n+1 

where: 

B = baud rate 

G = baud rate generator register (BRGn) value 

n = input clock specification; the value loaded into 

the SCCn register (0 < n < 8) 
SCLK = system clock frequency (MHz) 

Based on the above formula, the following table shows 
the baud rate generator values used to obtain standard 
transmission rates when SCLK = 5 MHz. 



Baud Rate 


n 


BRGn 


Error (%) 


110 


7 


178 


0.25 


150 


7 


130 


0.16 


300 


6 


130 


0.16 


600 


5 


130 


0.16 


1200 


4 


130 


0.16 


2400 


3 


130 


0.16 


4800 


2 


130 


0.16 


9600 


1 


130 


0.16 


19.2k 





130 


0.16 


38.4k 





65 


0.16 


1.25M 





2 


0.00 



In addition to the asynchronous mode, channel has a 
synchronous I/O interface mode. In this mode, each bit 
of data transferred is synchronized to a serial clock 
(SCLK0). The receive clock may be specified as either 
the internal baud rate gener ator output or an external 
signal provided on the CTS0 input pin (the RSCK bit of 
the SCM0 register must be programmed to 0). 

This mode is functionally equivalent to using the serial 
channel as a shift register because data is synchronous 
with the SCLK signal. Data bits from consecutive bytes 
may directly follow one another since no extra bits 
(parity, start, or stop) are added. This mode is compati- 
ble with the pCOM75 and ^COM87 series, and allows 
direct interfacing to these devices. 

Figure 21 details the serial communication mode regis- 
ter, which controls the operational mode and data format 
of the serial channel. The serial communication control 
register shown in figure 22 specifies the baud rate 
generator input clock frequency. 
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Figure 21. Serial Communication Mode Registers 
(SCM) 



TxRDY RxB PRTY1 PRTYO CLTSK 3LRSCH MD1 MDO 



Figure 22. Serial Communication Control 
Register (SCC) 
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Notes: 

(1) Parity is during transmit and ignored during receive. 

(2) Channel only. 

The serial communication error registers of the V25 are 
replaced in the /xPD70325 with the serial status registers 
shown in figure 23. These registers provide error flags 
and buffer status information. The error bits are auto- 
matically cleared when the next data byte is received; 
otherwise, these flags are persistent. 



0000 
0001 
001 
001 1 

0100 
0101 
0110 
0111 

1000 



fsci_K/2 (n = 0) 

f SCLK/4 
f SCLK/8 
fsCLK/16 

fsCLK/32 
fsCLK/64 
fsCLK/128 
fsCLK/256 

fsCLK/512 (n = ! 



The TxBE and RxBF bits signal the status of the respec- 
tive transmit and receive buffers. These bits are reset 
automatically when either the baud rate generator or 
serial control register contents are written. The AS (All 
Sent) bit is set when both the transmit buffer and the 
transmit shift register are empty. 

Figure 23. Serial Status Register (SS 1) 
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data 
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Figures 24 and 25 show the serial interface block dia- 
gram for asynchronous and I/O interface modes, respec- 
tively. 

Figure 24. Serial Channels and 1; Asynchronous 
Mode 
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Notes: 

[1] Channel only. SCKO outputs high 
level in asynchronous mode. 



DMA CONTROLLER 

The f*PD70325 has an on-chip, two-channel DMA con- 
troller capable of supporting data transfer at full bus 
bandwidth. Although the operating modes of the 
nPD70325 DMA unit are identical to those of the V25, the 
programming and data transfer rates are different. 

Six I/O pins support the operation of the DMA unit. 

• Two active-high request inputs 

• Two active-low acknowledge outputs valid only in 
l/O-to-memory and memory-to-l/O transfer modes 

• Two terminal count active-low outputs, driven low 
when the transfer count register is decremented from 
(borrow occurs). 

Two memory-to-memory transfer modes (single-step 
and burst) are supported as well as two l/O-to-memory 
modes (single transfer and demand release). Refer to 
table 4. 



Figure 25. Serial Channel 0; I/O Interface Mode 
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Memory-to-Memory DMA Transfers 

Single-Step Mode. The single-step mode allows direct 
memory access for memory-to-memory transfers. These 
transfers take two bus cycles (nominally two clock 
cycles each), one to read the data and the other to write 
it back to memory. The data is stored inside the 
jaPD70325 in a dedicated temporary register between 
the two bus cycles. 

When a DMA request occurs in this mode, DMA and CPU 
bus cycles alternate until the transfer count is reached. 
This mode is provided to allow the user program to 
continue executing at 50% of its normal speed when 
DMA is operational. The single request thus generates a 
full block of data transfer; that is, until terminal count is 
reached. 

Burst Mode. This mode is also a memory-to-memory 
transfer running at full bus bandwidth. Once a request is 
recognized, the DMA unit takes control of the bus and 
continuously transfers data until the terminal count is 
reached for that channel. This mode forces all other 
lower priority bus masters (including the CPU) to hold 
their bus requests until the specified DMA block is 
transferred. 
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Table 4. DMA Unit Functional Interaction 



Single-Step Mode 



Burst Mode 



Single-Transfer Mode 



Demand Release Mode 



Transmission 
coverage 



Memory - memory 



Memory - memory 



Memory - I/O 



Memory - I/O 



Function Under one time of DMA 

request instruction, 
one bus cycle and one DMA 
transmission are alternately 
executed the specified 
number of times. 



Under one time of DMA 
request, specified times 
of DMA transmission 
are executed. 



One DMA transmission is 
executed every time DMA 
request occurs. 



DMA transmission is executed 
while DMARQ terminal is kept 
high-level. 



DMA start 


Rise of DMARQ 

Setting TDMA bit of DMA 
control register 


Rise of DMARQ 

Setting TDMA bit of DMA 
control register 


Rise of DMARQ 


High level of DMARQ 


Halt method 


Depends on software 


None 


Depends on software 


Halted at low level 
during DMA transmission 


Interrupt 


All accepted 


Not accepted 

during DMA transmission 


All accepted 


All accepted except 
during DMA transmission 


During halt 


Specified times of DMA 
transmission are executed . 
consecutively 


Specified times of DMA 
transmission are executed 
consecutively 


Same as usual 


Same as usual 


DMA request 
during DMA 
transmission 


DMA at channel 1 retained 

while DMA 

at channel is executed 


Other DMA is retained until 
DMA transmission 
is terminated. 


DMA transmission under 
request is executed after one 
DMA transmission is over 


DMA at channel 1 is retained 

while DMA 

at channel is executed. 



l/O-to-Memory DMA Transfers 

l/O-to-memory (source synchronized) and memory-to- 
l/O (destination synchronized) transfers are performed 
in one bus cycle (nominally two clock states). These 
transfers drive a si ngle me mory address and strobe the 
IORD or IOWR and DMAAK signals. Thus the appropriate 
I/O device and memory location are selected without the 
processor driving the data bus. These transfers are 
designed for high-speed, I/O data transfer reaching 5 
megabytes/ second at 10 MHz. 

Single Transfer. Single-transfer mode responds with 
one DMA transfer per rising edge of the DMA request 
line. After one DMA cycle is performed, control is trans- 
ferred back to the CPU until another request is recog- 
nized. Transfers continue, one-per-request, until the ter- 
minal count is reached. 

Care must be taken in the single-transfer mode to ad- 
here to the twiQH and twiQL specifications. Although the 
DMA request is latched internally, if the above values are 
not met, the /nPD70325 may not detect the following 
rising edge of the request input, and the subsequent 
DMA transfer will not take place. 

Demand Release. Demand release mode continues to 
perform DMA transfers until either terminal count is 
reached or the DMA request is removed. When the 



DMARQ is removed during DMA operation, the DMA 
channel finishes the current transfer and releases the 
bus. 

Note that the twiQH and twiQL parameters must also be 
taken into design consideration for the demand release 
mode. The twiQH parameter insures that the DMA request 
is held past the internal sampling point. When the 
DMAAK signal is asserted, the juPD70325 has obviously 
accepted the request. Thus, the twiQH parameter may 
not need to be ful ly satisfi ed; that is, the request may be 
removed after the DMAAK signal has been asserted. This 
should not present a problem because it is specified that 
the request must be active until the acknowledge is 
output. 

Demand Release Termination. The demand release 
mode may be released in one of two ways: the pro- 
grammed terminal count is reached; or the DMARQ 
signal is removed. These two conditions differ consider- 
ably in operational characteristics. 

When terminating demand release DMA by the terminal 
count method, there are no restrictions placed on the 
transfer bandwidth, and the transfer rate will maintain 4 
megabytes/second at 8 MHz or 5 megabytes/second at 
10 MHz. This rate is achieved by programming the DMA 
to operate at zero wait states and by sustaining the 
DMARQ until the terminal count signal is asserted. 
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If demand release mode DMA is terminated by deasser- 
tion of the DMARQ l ine, then several specifications are at 
issue. The DMAAK signal is triggered from the falling 
clock edge in the middle of B1 with a propagation delay 
of 80 ns max. The DMA request line is sampled on the 
next rising edge of the CPU clock, which is ideally 62.5 
ns later (minus the 10-ns DMA RQ setup time). Therefore, 
on a worst-case device, the DMAAK signal is not as- 
serted until afte r the ^P D70325 has already sampled the 
DMARQ line. If DMAAK is used to negate DMARQ, the 
request may not be sampled correctly. This situation 
may be avoided by inserting wait states in the DMA 
transfer to delay the DMARQ sampling point. 

A secon d issue is the internal propagation delay of the 
DMAAK signal. If the DMARQ input is g ated wit h the 
DMAAK signal in a zero wait-state system, DMAAK is not 
held low long enough to allow internal timing signals to 
fully propagate through the device. 

The result of the above situation must be broken into two 
cases: zero wait-state systems and two wait-state sys- 
tems. The zero wait-state system using DMARQ to ter- 
minate the transfer may "overrun." This would produce 
one more DMA transfer than the desired number (unless 
terminal count was reached on the transfer during which 
DMARQ was removed). 

The two wait-state system will function normally in the 
above situation since the wait states assure that the 
DMARQ line will be sampled and accepted, thereby 
terminating the transfer without any slippage. In this 
case, the twiQL specifica tion may be taken at 3T (min), 
the width of the DMAAK pulse. 

Addresses. All DMA addresses are mapped to external 
memory space on the /iPD70325. When a location cor- 
responding to an internal data area is addressed, exter- 
nal memory with the same address will be accessed. 

Priority. Bus hold and refresh control maintain higher 
bus priority than the DMA unit and are acti ve during 
DMA transmission. If an HLDRQ or REFRQ signal is 
pr esented during DMA operation, the DMA unit releases 
its DMAAK signal and relinquishes control of the bus to 
the requesting bus master. DMA transmission is also 
temporarily halted during an interrupt acknowledge 
cycle. 

HALT State. The jtPD70325 will acknowledge a DMA 
request while the CPU is in the HALT state, and the 
processor will return to HALT after the transfer is com- 
pleted. When the DMA terminal count interrupt is pre- 
sented in the HALT state, the processor releases the 
HALT state and returns to normal mode. 



Latency. The pPD70325 DMA latency time is substan- 
tially faster than the standard V25. Since the DMA 
controller is hardwired, it responds to requests within 
instruction execution. The resulting worst-case latency 
is 14+2W clocks from request to acknowledge and this 
typical value will be 4 system clocks. 

DMA Registers 

The jiPD70325 DMA registers differ from those on the 
standard V25. The control blocks for each channel are 
located in the special function register area and thus do 
not overlap the internal RAM register banks. 

DMA mode registers are provided for each DMA channel. 
These registers, shown in figure 26, specify the transmis- 
sion mode, byte/word data size, and the enable state of 
each DMA channel. 

Figure 26. DMA Mode Registers (DMAM) 



MD 2 


MD 1 


MD 


W 


EDMA 


TDMA 








7 









MDjj-MDo 


Transfer Mode 







000 
001 
010 
01 1 

100 
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1 10 

1 1 1 



Single-step (memory to memory) 
Demand release (I/O to memory) 
Demand release (memory to I/O) 
Reserved 

Burst (memory to memory) 
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Single-transfer (memory to I/O) 
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Transfer Method 
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Byte transfer 
Word transfer 


EDMA 


TDMA 


Transfer Condition 



1 

1 





1 


Disabled 

Maintain condition 
Start DMA transfer 



The /xPD70325 performs two consecutive 8-bit transfers 
to accomplish word data transfers with the lower ad- 
dressed byte transferred first. Upon reaching terminal 
count, the DMA channel is automatically disabled by the 
EDMA bit of the mode register. A DMA request to a 
disabled channel is ignored. The DMA transfer bit 
(TDMA) has meaning only in the single-step and burst 
modes and allows software to initiate the DMA opera- 
tion. This software request is valid only when the channel 
is enabled. The TDMA bit is write only and is always read 
as a 0. 
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The DMA address control registers (figure 27) specify the 
method of address pointer update. Two bits specify the 
source address and two specify the destination address 
update mode. The /iPD70325 adjusts the address point- 
ers by 1 for byte transfers and by 2 for word transfers. 

Figure 27. DMA Address Control Registers 
(DMAC) 









PDi 


PD 








PSi 


PS 


7 







PDj-PDo Destination Address Offset 


00 No modification 

1 Increment 

1 Decrement 

1 1 No modification 


PSj-PSo Source Address Offset 


00 No modification 

1 Increment 

1 Decrement 
1 1 No modification 



Figure 28 shows the address pointer registers that spec- 
ify the source and destination of the DMA transfer. Unlike 
the standard V25, the address registers are linear. This 
allows the 20-bit address to be completely specified in 
three byte-wide registers. The SARnL and DARnL regis- 
ters contain the low 8 bits of the address; SARnM and 
DARnM contain the middle 8 bits; and SARnH and 
DARnH contain the high 4 bits of the address in the low 
nibble (the high nibble is set to 0). 

All of these registers may be read or written with either 8- 
or 16-bit transfers and are updated as specified in the 
DMAC registers. 

Figure 28. DMA Address Registers 
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Applied addresses (20 bits) 



The terminal count registers (TCnH and TCnL) are dual 
8-bit registers that hold the current number of transfers 
remaining in the DMA block. These registers are read/ 
write in 8- or 16-bit operations. They must be initially 
programmed to the desired number of transfers minus 
one. This is because the terminal count interrupt is 
generated by a borrow out of these registers; this borrow 
is generated by the decrement performed after each 
DMA transfer. 

DMA Timing 

DMA operation on the *tPD70325 is considerably faster 
than on the standard V25. This speedup is realized by 
converting the DMA operation from a microcoded pro- 
cess to a hardwired one. As a result, the DMA latency 
times on the standard V25 do not occur on the 
pPD70325. However, bus controller latency is still 
present as is the nominal transfer time: 1 bus cycle for 
l/O-to-memory transfers and 2 bus cycles for memory- 
to-memory transfers. 

Programmable wait state control is active for DMA 
operations with the programmed number of states 
added to both source and destination addresses even if 
these numbers are different. Memory-to-l/O transfers 
insert the number of wait states required by either the I/O 
device or the memory location (whichever is slower). 
l/O-to-memory transfers insert the memory wait states 
for the memory write cycle. 

Figures 29 to 32 are examples of cycles for DMA opera- 
tions. Figure 33 is a block diagram of the /*PD70325 DMA 
controller and its internal registers. 
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Figure 29. DMA Single-Step Mode Timing 
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Figure 30. DMA Burst Mode 1 
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Figure 31. DMA Single-Transfer Mode Timing 
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Figure 33. DMA Unit Block Diagram 
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PARALLEL I/O PORTS 

The /*PD70325 has three 8-bit parallel I/O ports: P0, P1, 
and P2. Associated registers are shown in figures 34, 35, 
and 36. Special-function register (SFR) locations can 
access these ports as memory. The port lines are indi- 
vidually programmable as inputs or outputs. Many of the 
port lines have dual functions as port or control lines. 

Use the associated port mode control (PMC) and port 
mode (PM) registers to select the function for a given I/O 
line. 



Figure 34. Port Registers (PMCO, PMO) 
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Figure 35. Port 1 Registers (PMC1, PM1) 
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Figure 36. Port 2 Registers (PMC2, PM2) 
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The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage can be 
programmed to the Vjh input x n/16, where n = 1 to 16. 
See figure 37. 

Figure 37. Port T Mode Register (PMT) 
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PROGRAMMABLE WAIT STATES 

\t>u can generate wait states internally to further reduce 
the necessity for external hardware. Insertion of these 
wait states allows direct interface to devices whose 
access times cannot meet the CPU read/write timing 
requirements. 

When using this function, the entire 1 megabyte of 
memory address space is divided into 128K blocks. Each 
block can be programmed for zero, one, or two wait 
states, or two plus those added by the external READY 
signal. The top two blocks are programmed together as 
one unit. 

The appropriate bits in the wait control word (WTC) 
control wait-state generation. Programming the upper 
two bits in the wait control word sets the wait-state 
conditions for the entire I/O address space. Figure 38 
shows the memory map for programmable wait-state 
generation. 

Figure 39 diagrams the wait control word. Note that 
READY pin control is enabled only when two internally 
generated wait states are selected by the "1 1 " option. 

Figure 38. Programmable Wait State Generation 
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Figure 39. Wait Control Word (WTC) 
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STANDBY MODES 

The two low-power standby modes are HALT and STOP. 
Both modes are entered under software control. 

HALT Mode 

In HALT mode, the CPU is inactive and thus the chip 
consumes much less power than when fully operational. 
The external oscillator remains functional and all inter- 
nal peripherals are active. Internal status and output 
port line conditions are maintained. Any unmasked in- 
terrupt can release this mode. In the El state, interrupts 
are processed subsequently in vector mode. In the Dl 
state, program execution is restarted with the instruc- 
tion following the HALT instruction. 

STOP Mode 

The STOP mode allows the largest power reduction 
while maintaining internal RAM. The oscillator is 
stopped, halting the CPU as well as all internal periph- 
erals. Internal status is maintained. Only a reset or NMI 
can release this mode. 



A standby flag in the SFR area is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and st andby. T he STBC register (figure 40) is 
not initialized by RESET. Use the standby flag to deter- 
mine whether program execution is returning from 
standby or from a cold start by setting this flag before 
entering STOP mode. 

Figure 40. Standby Register (STBC) 
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SPECIAL-FUNCTION REGISTERS 

Table 5 lists the special-function registers . The 8 high- 
order bits of each register address (denoted by. xx in 
table 5) is specified by the IDB register. This allows the 
special function register bank to be dynamically relo- 
cated in memory. 

SFR addresses not listed in table 5 are reserved. If read, 
the contents of these addresses are undefined and any 
write operation is meaningless. 

The Read/Write column in table 5 shows the legal data 
movement operations used to address these registers. 
Data size can be specified as: bit (1), byte (8), and/or 
word (16). 
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Tables. 


Special-Function Registers 








Address 


Register Name 


Label 


Read/Write 


Reset Condition 


xxFOOH 


Port data 


PO 


R/W8/1 


Undefined 


xxFOIH 


Port mode 


PMO 


W8 


OFFH 


xxF02H 


Port control 


PMCO 


W8 


00H 


xxF08H 


Port 1 data 


P1 


R/W8/1 


Undefined 


xxF09H 


Port 1 mode 


PM1 


W8 


OFFH 


xxFOAH 


Port 1 control 


PMC1 


W8 


00H 


xxFIOH 


Port 2 data 


P2 


R/W8/1 


Undefined 


xxF11H 


Port 2 mode 


PM2 


W8 


OFFH 


xxF12H 


Port 2 control 


PMC2 


W8 


00H 


xxF38H 


Threshold port data 


PT 


R8 


Undefined 


xxF3BH 


Threshold port mode 


PMT 


R/W8/1 


00H 


XXF40H 


External interrupt mode 


INTM 


R/W8/1 


00H 


xxF44H 


External interrupt macroservice control channel (Note 4) 


EMSO 


RAW 8/1 


Undefined 


xxF45H 


External interrupt macroservice control channel 1 (Note 4) 


EMS1 


R/W8/1 


Undefined 


XXF46H 


External interrupt macroservice control channel 2 (Note 4) 


EMS 2 


RAW 8/1 


Undefined 


xxF4CH 


External interrupt request control (Note 4) 


EXICO 


R/W8/1 


47H 


xxF4DH 


External interrupt request control 1 (Note 4) 


EXIC1 


R/W8/1 


47H 


xxF4EH 


External interrupt request control 2 (Note 4) 


EXIC2 


R/W8/1 


47H 


xxF60H 


Serial receive buffer channel 


RxBO 


R8 


Undefined 


xxF62H 


Serial transmit buffer channel 


TxBO 


W8 


Undefined 


xxF65H 


Serial receive macroservice register (Note 4) 


SRMSO 


R/W8/1 


Undefined 


XXF66H 


Serial transmit macroservice register (Note 4) 


STMSO 


R/W8/1 


Undefined 


XXF68H 


Serial mode register 


SCMO 


R/W8/1 


00H 


xxF69H 


Serial control register 


SCCO 


RAW 8/1 


OOH 


xxF6AH 


Baud rate generator 


BRGO 


R/W8/1 


00H 


xxF6BH 


Serial status register 


SCSO 


R8 


60H 


xxF6CH 


Serial error interrupt request register (Note 4) 


SEICO 


R/W8/1 


47H 


xxF6DH 


Serial receive interrupt request register (Note 4) 


SRICO 


RAW 8/1 


47H 


XF6EH 


Serial transmit interrupt request register (Note 4) 


STICO 


R/W8/1 


47H 


xxF70H 


Serial receive buffer 1 


RxB1 


R8 


Undefined 


xxF72H 


Serial transmit buffer 1 


TxB1 


W8 


Undefined 


xxF75H 


Serial receive macroservice register 1 (Note 4) 


SRMS1 


RAW 8/1 


Undefined 


xxF76H 


Serial transmit macroservice register 1 (Note 4) 


STMS1 


R/W8/1 


Undefined 


xxF78H 


Serial mode register 1 


SCM1 


R/W8/1 


OOH 


xxF79H 


Serial control register 1 


SCC1 


R/W8/1 


OOH 


xxF7AH 


Baud rate generator channel 1 


BRG1 


RAW 8/1 


OOH 


xxF7BH 


Serial status register 1 


SCSI 


R8 


60H 


xxF7CH 


Serial error interrupt request register 1 (Note 4) 


SEIC1 


R/W8/1 


47H 
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Table 5. 


Special-Function Registers (cont) 








Address 


Register Name 


Label 


Read/Write 


Reset Condition 


xxF7DH 


Serial receive interrupt request register 1 (Note 4) 


SRIC1 


R/W8/1 


47H 


xxF7EH 


Serial transmit interrupt request register 1 (Note 4) 


STIC1 


R/W8/1 


47H 


xxF80H 


Timer register (Note 5) 


TMO 


R/W16 


Undefined 


XXF82H 


Timer modulo register (Note 5) 


MDO 


R/W16 


Undefined 


XXF88H 


Timer register 1 (Note 5) 


TM1 


RAW 16 


Undefined 


XXF8AH 


Timer 1 modulo register (Note 5) 


MD1 


R/W16 


Undefined 


xxF90H 


Timer control register (Note 5) 


TMCO 


RAW 8/1 


00H 


xxF91H 


Timer 1 control register (Note 5) 


TMC1 


R/W8/1 


00H 


xxF94H 


Timer unit macroservice register (Note 4) 


TMMSO 


R/W8/1 


Undefined 


xxF95H 


Timer unit 1 macroservice register (Note 4) 


TMMS1 


R/W8/1 


Undefined 


xxF96H 


Timer unit 2 macroservice register (Note 4) 


TMMS2 


RAW 8/1 


Undefined 


xxF9CH 


Timer unit interrupt request register (Note 4) 


TMICO 


R/W8/1 


47H 


xxF9DH 


Timer unit 1 interrupt request register (Note 4) 


TMIC1 


RAW 8/1 


47H 


xxF9EH 


Timer unit 2 interrupt request register (Note 4) 


TMIC2 


RAW 8/1 


47H 


xxFAOH 


DMA address update control register 


DMACO 


R/W8/1 


Undefined 


XXFA1H 


DMA mode register 


DMAMO 


RAW 8/1 


47H 


xxFA2H 


DMA address update control register 1 


DMAC1 


RAW 8/1 


Undefined 


xxFA3H 


DMA mode register 1 


DMAM1 


RAW 8/1 


00H 


xxFACH 


DMA interrupt request control register (Note 4) 


DICO 


RAW 8/1 


47H 


xxFADH 


DMA interrupt request control register 1 (Note 4) 


DIC1 


RAW 8/1 


47H 


xxFCOH 


DMA channel source address pointer low 


SAROL 


RAW 16/8 


Undefined 


xxFCIH 


DMA channel source address pointer mid 


SAROM 


RAW 16/8 


Undefined 


xxFC2H 


DMA channel source address pointer high 


SAROH 


RAW 8 


Undefined 


xxFC4H 


DMA channel destination address pointer low 


DAROL 


RAW 16/8 


Undefined 


xxFC5H 


DMA channel destination address pointer mid 


DAROM 


RAW 16/8 


Undefined 


xxFC6H 


DMA channel destination address pointer high 


DAROH 


RAW 8 


Undefined 


xxFC8H 


DMA channel count register 


TCO 


RAW 16/8 


Undefined 


xxFDOH 


DMA channel 1 source address pointer low 


SAR1L 


RAW 16/8 


Undefined 


xxFDIH 


DMA channel 1 source address pointer mid 


SAR1M 


RAW 16/8 


Undefined 


xxFD2H 


DMA channel 1 source address pointer high 


SAR1H 


RAW 8 


Undefined 


xxFD4H 


DMA channel 1 destination address pointer low 


DAR1L 


RAW 16/8 


Undefined 


XXFD5H 


DMA channel 1 destination address pointer mid 


DAR1M 


RAW 16/8 


Undefined 


xxFD6H 


DMA channel 1 destination address pointer high 


DAR1H 


R/W8 


Undefined 


XXFD8H 


DMA channel 1 terminal count register 


TC1 


R/W 16/8 


Undefined 


xxFEOH 


Standby control register (Notes 1, 2) 


STBC 


R/W8/1 


Undefined 


xxFEIH 


Refresh mode register 


RFM 


RAW 8/1 


OFCH 


xxFE8H 


Wait state control register 


WTC 


RAW 16/8 


OFFFFH 


xxFEAH 


User flag register (Note 3) 


FLAG 


RAW 8/1 


00H 
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Table 5. 


Special-Function Registers (cont) 








Address 


Register Name 


Label 


Read/Write 


Reset 
Condition 


xxFEBH 


Processor control register 


PRC 


R/W 8/1 


4EH 


xxFECH 


Time base interrupt request control register (Note 4) 


TBIC 


R/W8/1 


47H 


xxFEFH 


Interrupt factor register (Note 4) 


IRQS 


R8 


Undefined 


xxFFCH 


Interrupt priority control register (Note 4) 


ISPR 


R8 


00H 


xxFFFH 


Internal data area base address register (Note 4) 


IDB 


R/W 8/1 


OFFH 



Notes* 

■ (4) One wait state is inserted in accesses to these registers. 

(1) Standby control register can be set by instruction but not (5) A maximum of six wait states are added into accesses to these 
cleared, registers. 

(2) At power-on reset: 00H. Otherwise not changed. 

(3) Bit operations on FLAG register bits other than 3 and 5 have no 
meaning. 



ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

T A = 25°C 



Supply voltage, V^o 




-0.5 to +7.0 V 


Input voltage, V| 




-0.5toV DD +0.5 (<+7.0V) 


Output voltage, Vo 




-0.5toV DD +0.5 (<+7.0V) 


Threshold voltage, Vjh 




-0.5 to V DD + 0.5 (<+7.0V) 


Output current low, Iql 




Each pin 4.0 mA (Total 50 mA) 


Output current high, Iqh 


I 


Each pin -2.0 mA (Total -20 mA) 


Operating temperature range, Tqpt 


-10 to +70°C 


Storage temperature range, 


T STG 


-65 to + 150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. 



Comparator Port Characteristics 

T A = -10 to + 70°C; V DD = +5.0 V ±10% (8 MHz), ±5% (10 MHz) 



Parameter 


Symbol 


Min 


Max Unit 


Accuracy 


V ACOMP 


- 


±100 mV 


Threshold voltage 


Vth 





Vdd+0.1 V 


Comparison time 


tcOMP 


64 


65 t C YK 


Pj input voltage 


VlPT 





v DD v 


Capacitance 

T A = 25°C; V DD = 


OV 






Parameter 


Symbol 


Max 


Unit Conditions 



Input capacitance C| 



Output capacitance Cq 



I/O capacitance 



10 



20 



20 



pF 



PF 



pF 



fc = 1 MHz; 
unmeasured pins 
returned to ground 
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DC Characteristics 

T A =-10to +70°C; V DD = +5.0V 


±10% (8 MHz) 


, ±5% (10 MHz) 








Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Input voltage, low 


V|L 







0.8 


V 






V|H1 


2.2 




v DD 


V 




Input voltage, high 


All except RESET PIq/NMI, X1, X2 




V IH2 


0.8 V DD 




Vdd 


V 


RESET, P1 /NMI, X1.X2 


Output voltage, low 


Vol 






0.45 


V 


l 0L = 1.6 mA 


Output voltage, high 


Voh 


V DD -1.0 






V 


Iqh = -0.4 mA 


Input current 


■in 






±20 


A/A 


EA, P1q/NMI; 0s V, N < V DD 




'LI 






±10 


A/A 


All except EA, P1o/NMI; s V| N < V DD 


Output leakage current 


Ilo 






±10 


A/A 


< V £ V DD 


Vjh supply current 


Ith 




0.5 


1.0 


mA 


< V TH < V DD 


Vqq supply current, 8/10 MHz 


bDI 




65/95 


120/130 


mA 


Operation mode 




'DD2 




25/30 


50/55 


mA 


HALT mode 




!dD3 




10/10 


30/30 


A/A 


STOP mode 



External System Clock Control Source 



Internal Oscillator 



•I 



X1 



External Clock 



— 1>- 



Recommended Oscillator Components 



Ceramic Resonator (Note 1) 


Capacitors 


Manufacturer 


Product No. 


C1(pF) 


C2(pF) 


Kyocera 


KBR-10.0M 


33 


33 


Murata Mfg. 


CSA16.00MX040 


30 


30 




CSA20.00MX040 


10 


10 


TDK 


FCR10.M2S 


30 


30 




FCR16.0M2S 


15 


6 


Crystal (Note 2) 




Capacitors 


Manufacturer 


Product No. 


C1(pF) 


C2 (pF) 


Kinseki 


HC-49/U (KR-100) 


22 


22 




HC-49/U (KR-160) 


22 


22 




HC-49/U (KR-200) 


22 


22 



Notes: 

(1) Ceramic resonator product no. includes the frequency: 10.0, 16.0, 
or 20.0 MHz. 



(2) Crystal frequencies: 10, 16, 20 MHz. 
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AC Characteristics 

T A = -10 to + 70°C; V DD = +5.0 V ±10% (8 MHz), ±5% (10 MHz); output pin C L = 100 pF max; 
T = *cyk = *OSc/2; n = number of wait states inserted. 





Symbol 


8-MHz Limits 


10-MHz Limits 




Parameter 


Min 




Max 


Min 


Max 


Unit 


X1 input cycle time 


*CYX 


62 




250 


49 


250 


ns 


X1 input clock pulse width, high/low 


l WXH. tWXL 


20 






16 




ns 


X1 input rise/fall time 


*XR< l XF 






20 




15 


ns 


CLKOUT output cycle 


*CYK 


125 




2000 


100 


2000 


ns 


CLKOUT width,, high/low 


tWKH. *WKL 


0.5T - 15 






0.5T-12 




ns 


CLKOUT rise/fall time 


*KR- *KF 






15 




12 


ns 


Input rise/fall time (RESET, NMI pins) 


*IRS. t|FS 






30 




30 


ns 


Input rise/fall time (All other pins) 


*IR. *IF 






20 




20 


ns 


Output rise/fall time (Except CLKOUT) 


toR. *OF 






20 




15 


ns 


CLKOUT to Address delay 


*DKA 


15 




90 


15 


75 


ns 


Address valid to Data input valid 


*DADR 






(n+1.5)T-70 




(n+1.5)T-60 


ns 


MREQ i to Data input delay 


*DMRD 






(n+1)T-60 




(n+1)T-50 


ns 


MSTB 1 to Data input delay 


*DMSD 






(n+0.5)T-60 




(n+0.5)T-50 


ns 


MREQ 1 to TC delay 


bMRTC 






0.5T+ 50 




0.5T + 50 


ns 


MREQ * to MSTB I delay 


tDMRMS 


0.5T - 35 




0.5T+ 35 


0.5T - 20 


0.5T + 30 


ns 


MREQ pulse width, low 


tWMRL 


(n+1)T- 


30 




(n+1)T-25 




ns 


Address hold from MREQ t 


tfHMA 


0.5T - 30 






0.5T - 30 




ns 


Data input hold from MREQ t 


l HMDR 














ns 


Data output hold from MSTB t 


*HMDW 


0.5T - 30 






0.5T - 30 




ns 


Control signal recovery 


tscc 


T-25 






T-25 




ns 


Address to Data output 


tDADW 






0.5T+ 50 


0.5T - 30 


0.5T + 50 


ns 


Address to MREQ 1 delay 


*DAMR 


0.5T - 30 






0.5T - 30 




ns 


Address to MSTB i delay 


^DAMS 


T-30 






T-30 




ns 


MSTB pulse width, low 


%MSL 


(n+0.5T- 


-30 




(n+0.5)T-25 




ns 


Data output setup to MSTB t 


*SDM 


(n+1)T- 


50 




(n+1)T-50 




ns 


Address to IOSTB 1 delay 


tDAIS 


0.5T-30 






0.5T - 30 




ns 


IOSTB 1 to Data input delay 


l DISD 






(n+1)T-60 




(n+1)T-50 


ns 


IOSTB pulse width, low 


%ISL 


(n+1)T- 


30 




(n+1)T-25 




ns 


Address hold from IOSTB t 


tHISA 


0.5T-30 






0.5T - 30 




ns 


Data input hold from IOSTB T 


*HISDR 














ns 


Data output hold from IOSTB t 


tHISDW 


0.5T - 30 






0.5T - 30 




ns 


Data output setup to IOSTB t 


*SDIS 


(n+1)T- 


50 




(n+1)T-50 




ns 


DMARQ setup to MREQ i (Demand mode, 
n > 2) 


tSDADQ 






T-50 




(n-1)T-50 


ns 


DMARQ hold from DMAAK 1 (Demand mode) 


*HDADQ 














ns 


DMAAK read pulse width, low (Read cycle) 


%DMRL 


(n+1.5)T 


-30 




(n+1.5)T-25 




ns 


DMAAK write pulse width, low (Write cycle) 


%DMWL 


(n+1)T- 


30 




(n+1)T-25 




ns 


DMAAK I to TC i delay 


tDDATC 






0.5T + 50 




0.5T + 35 


ns 


TC pulse width, low 


tWTCL 


(n+2)T- 


30 




(n+2)T-25 




ns 
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Symbol 


8-MHz Limits 


10 -MHz Limits 




Parameter 


Min Max 


Min Max 


Unit 



Address to REFRQ I delay 


l DARF 


0.5T-30 




0.5T - 30 




ns 


REFRQ pulse width, low 


l WRFL 


(n+1)T-30 




(n+1)T-25 




ns 




l HRFA 


0.5T - 30 




0.5T - 30 






Address hold from REFRQ t 


ns 


RESET pulse width, low (Stop release; 
power-on Reset) 


tWRSLI 


30 




30 




ms 




%RSL2 


5 




5 






RESET pulse width, low (Warm reset) 


/iS 




tsCRY 




(n-1)T-100 




(n-1)T-80 




READY setup from MREQ I, IOSTB 1 (n > 2) 


ns 




l HCRY 


(n-1)T 




(n-1)T 






READY hold from MREQ 1, IOSTB 1 (n > 2) 


ns 


HLDRQ setup from CLKOUT t 


*SHQK 


30 




25 




ns 




l DKHA 


15 


80 


15 


70 




CLKOUT t to HLDAK I 


ns 




tCFHA 


T-50 




T-35 






Bus control float to HLDAK J 


ns 


HLDAK t to Bus active 


tDHAC 


T-50 




T-35. 




ns 




l DHQHA 




3T + 160 




3T + 160 




HLDRQ I to HLDAK t 


ns 


HLDRQ i to Bus output 


l DHQC 


3T+ 30 




3T+ 30 




ns 


HLDRQ pulse width, low 


l WHQL 


1.5T 




1.5T 




ns 




%HAL 


T 




T 






HLDAK pulse width, low 


ns 


INTP, DMARQ setup from CLKOUT t 


tsiQK 


30 




25 




ns 


INTP, DMARQ pulse width, high/low 


tWIQH- 
%IQL 


8T 




8T 




ns 


POLL setup from CLKOUT t 


l SPLK 


30 




25 




ns 


NMI pulse width, high/low 


tWNIH. 
%NIL 


5 




5 




//s 


CTS pulse width, low 


^CTL 


2T 




2T 




ns 


INT setup from CLKOUT t 


tsiRK 


30 




25 




ns 




*DKIA 


15 


80 


15 


70 




CLKOUT i to INTAK I 


ns 




tHIAIQ 














INT hold from INTAK I 


ns 


INTAK pulse width, low 


*WIAL 


2T-30 




2T-25 




ns 




twiAH 


T-30 




T-25 






INTAK pulse width, high 


ns 




tDIAD 




2T-130 




2T - 100 




INTAK I to Data delay 


ns 


Data hold from INTAK t 


l HIAD 





0.5T 





0.5T 


ns 




tCYTK 


1000 




1000 






SCKO cycle 


ns 




%STH. 
l WSTL 


450 




450 






SCKO pulse width, high/low 


ns 




tDTKD 




210 




210 




SCKO I to TxD delay 


ns 


SCKO I to TxD hold 


*HTKD 


20 




20 




ns 


CTSO cycle 


tCYRK 


1000 




1000 




ns 


CTSO pulse width, high/low 


%SRH. 
%SRL 


420 




420 




ns 


RxD setup/hold from CTSO t 


tSRDK. 
l HKRD 


80 




80 




ns 
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STOP Mode Data Retention Characteristics 

T A = -10 to + 70°C; V DD = +5.0 V ±10% (8 MHz), ±5% (10 MHz) 



Parameter 


Symbol 


Min 


Max 


Unit 


Data retention voltage 


V DDDR 


2.4 


5.5 


V 


Vrjo rise time 


%D 


200 




fJS 


Vqd fall time 


*FVD 


200 




/is 



Timing Waveforms 

Stop Mode Data Retention Timing 



V DD 



\ 90% / 

\l0% V DDDR / 



<— tFVD 



*- tRVD 



AC Input 1 (Except XI, X2, RESET, NMI) 



2.2 V 
0.8 V 



r~ k 



-»■ ■*- t|R 



-*■ *-t| F 



AC input 2 ( RESET, NMI) 



0.8 VDD 
0.8 V 



°JT~^k 



t|RS 



tlFS 



AC Output (Except CLKOUT) 




Clock In and Clock Out 


















CLKIN1 

[XI] ,t 


*-»XR -♦ 


<- tXF 






/ 




■* twXH *■ 


^ 1 


/ 


\ 


"^)r0.8VDD 
\ .8V 




■« tWXL »• 








1 


«— tKR 


- 


•^tKF 

2.2 V 
^ 0.8 V 


CLKOUT ^ 


< 


/' 


\ 




83-004308B 
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Memory Read 



A19-A0 



D7-D0 



tCYK 



/ ^_/~^^ V_^ 



-»DKA- 



X 



7 



K 



tDADR- 



<^ZJt 



\ 



tDMRD- 



-tWMRL- 



tDMRMS— ► 



tDMSD 



tHMA 



% / 



tDAMS- 



-tWMSL- 



V 



-tscc- 



Y \ 



V 
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Memory Write 



-tCYK- 



J \-J 



-«DKA-» 



A19-A0 



D7-D0 



TC1-TC0 



X 



X 



tDADW- 



< 



\ 



-tDAMR- 



tSDM- 



-tWMRL- 



i 



tDMRMS-*- 



-•hma- 



■tHMDW- 



> 



I 



tscc- 



J X 



\ / 



-tDAMS ►- 



■• tWMSL ►■ 



tDMRTC- 



\ 






f 



■ tWTCL - 
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I/O Read 



-tCYK- 



J \ / 



A19-A0 



D7-D0 



X 



■• — tDADR +■ 



< 



7 



-tDAIS- 



\ 



-tWISL- 






U-tHISA— ► 

ID 



tHISDR 



\ 



X 



-tscc ► 
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I/O Write 



-ICYK- 



tDKA 



A19-A0 



D7-D0 



\ 



tDADW 



< 



-tDAIS-^ 



\ 



-tSDIS- 



-tWISL" 






U-tHISA-^ 



> 



tHISDW 



I 



X 



<- tscc 



/ 



x 

X 

X 
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DMA, I/O to Memory 



A19-A0 



D7-D0 



DMARQO- 
DMARQ1 



-»CYK- 



/ V 



-tDKA- 



X 



\ 



x 



L 



-tDAMR- 



\ 



•« tWMRL »• 



/ 



tDMRMS- 



tDAMS— - 



\-J 



-tWMSL- 



-tHMA- 



-tSDADQ- 



t 



-tHDADQ- 



\ 



-tWDMRL- 



Iv 



tscc- 



/ \ 



\ 



tDDATC" 



-tWTCL- 



\ 



f 
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DMA, Memory to I/O 



CLKOUT 



A19-A0 



D7-D0 



IOSTB 



DMARQO 
DMARQ1- 



TC1-TC0 



-tCYK- 



V^/ v__/ v_/ 



■•— «DKA- 



X 



7 



X 



-tDAMR- 



-tWMRL- 



-tHMA- 



X 



/ 



X 



-tSCC- 



\ / 



tDAMS »■ 



-tWMSL- 



-tSDADQ- 



X 



♦-tHDADQ-* 



\ 



/ 



tWDMWL > 



X 



■ tDDATC- 



-tWTCL- 






X 



t 



/ 
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Refresh 



CLKOUT 



A19-A0 



D7-D0 



-ICYK- 






/^__/^ 



-•-tDKA- 



IOSTB 



DMAAK1 - 
DMAAKO 



RESET 1 



7 



-tDARF- 



\ 



-tWRFL- 



K 



\ 



-tHRFA- 



/ 



x 



x 



„ tscc •> 



X 



- tWRSLI - 



\ 



/ 
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RESET 2 



SEC 



tWRSLZ »• 



1 y 



READY 2 



REABY1 




















I m 


— I 




, 


, 




I D1 


DAW 




D2 | 


MREQ 
IOSTB 


•SCRY -»■ 




r~ 




















READY 


Z 


I 


i 






83-004318B 



MREQ 
IOSTB 



\ 



tSCRY*-*- 



/ 



n = 2 
■* tHCRY* ► 



M K7 X 



' tSCRY [READY setup time] and tHCRY [READY hold time] are a function o< 
T and n. Timings shown are examples for n = 2 and n = 3. 



46 



NEC 



/JPD70325 (V25 Plus) 



HLDRQ/HLMK1 




Bus control * 



HLDAK 
*Ai9-Ao, D7-D0, MREQ, MSTB, lOSf B, R/W 



HLDRQ/HLDAK2 



Bus control * ■ 



~~\ 



tDKHA 



/ 



tSHQK 



/ 



- tWHQL - 



-tDHQC- 



A19-A0, D7-D0, MREQ, MSTB, IOSTB, R/W 



lC 



INTP, DMARQ Input 



INTP, 
DMARQ* 



/ 



tSIQK 



«WIQH- 



INTP2-INTP0, DMARQ1-DMARQ0 



\ 



-tWIQL- 
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POLL Input 



tSPLK 



/ 



1 



tSPLK 



NMI Input 



CLKOUT 



A 



\ 



-tWNIH- 



-tWNIL- 



CTS Input 



CLKOUT 
CTSi-CTSO 










83-004325B 


_J 


\ 


i 















48 



NEC 



JJPD70325 (V25 Plus) 



INTR/INTAK 



CLKOUT 



D7-D0 



MREQ 
IOSTB 



Serial Transmit 



tsiRK 



K 



tDKIA 



/ 



tscc 



tHIAIQ 



-• twiAL »■ 



\ J T\ / 



tHIAD 



> 



CLKOUT 



SCKO 



\ 



- tCYTK - 



/ 



-tWSTL- 



X 



\ 



- tWSTH *■ 



«HTKD 



XI 



Serial Receive 



\ 



- tCYRK - 



/ 



\ 



-tWSRL- 



- *WSRH- 



X 



X 



-tSRDK- 



-tHKRD- 
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INSTRUCTION SET 

Instructions, grouped according to function, are de- 
scribed in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary infor- 
mation applicable to the instruction set is contained in 
the following tables. 

• Symbols and Abbreviations 

• Flag Symbols 

• 8- and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1) and reg (000 to 111). 

• Segment Registers. The segment register is specified 
in the operation code by sreg (00, 01, 10, or 11). 

• Memory Addressing. The memory addressing mode is 
specified in the operation code by mod (00, 01, or 10) 
and mem (000 through 111). 

• Instruction Clock Count. This table gives formulas for 
calculating the number of clock cycles occupied by 
each type of instruction. The formulas, which depend 
on byte/word operand and RAM enable/disable, have 
variables such as EA (effective address), W (wait 
states), and n (iterations or string instructions). 

Symbols and Abbreviations 



Identifier 


Description 


reg 


8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


dmem 


8- or 16-bit direct memory location 


mem 


8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


sfr 


8-bit special function register location 


imm 


Constant (0 to FFFFH) 


imm16 


Constants to FFFFH) 


imm8 


Constant (0 to FFH) 


imm4 


Constant (0 to FH) 


imm3 


Constant (0 to 7) 


ace 


AW or AL register 


sreg 


Segment register 


src-table 


Name of 256-byte translation table 


src-block 


Name of block addressed by the IX register 


dst-block 


Name of block addressed by the IY register 


near-proc 


Procedure within the current program segment 



Identifier 


Description 


far-proc 


Procedure located in another program segment 


near-label 


Label in the current program segment 


short- 
label 


Label between -128 and + 127 bytes from the end 
of instruction 


far-label 


Label in another program segment 


memptr16 


Word containing the offset of the memory location 
within the current program segment to which 
control is to be transferred 


memptr32 


Double word containing the offset and segment 
base address of the memory location to which 
control is to be transferred 


regptr16 


16-bit register containing the offset of the memory 
... location within the program segment to which 
control is to be transferred 


pop-value 


Number of bytes of the stack to be discarded (0 to 
64K bytes, usually even addresses) 


fp-op 


Immediate data to identify the instruction code of 
the external floating-point operation 


R 


Register set 


w 


Word/byte field (0 to 1) 


reg 


Register field (000 to 111) 


mem 


Memory field (000 to 111) 


mod 


Mode field (00 to 10) 


S:W 


When S:W - 01 or 11, data « 16 bits. At all other 
times, data ■ 8 bits. 


X.XXX, 
YYY, ZZZ 


Data to identify the instruction code of the external 
floating-point arithmetic chip 


AW 


Accumulator (16 bits) 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


BP 


Base pointer register (16 bits) 


BW 


BW register (16 bits) 


BH 


BW register (high byte) 


BL 


BW register (low byte) 


CW 


CW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


DW 


DW register (16 bits) 


DH 


DW register (high byte) 


DL 


DW register (low byte) 


SP 


Stack pointer (16 bits) 


PC 


Program counter (16 bits) 


PSW 


Program status word (16 bits) 
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Symbols and Abbreviations (cont) 



Flag Symbols 



Identifier 


Description 


IX 


Index register (source) (16 bits) 


IY 


Index register (destination) (16 bits) 


PS 


Program segment register (16 bits) 


SS 


Stack segment register (16 bits) 


DS 


Data segment register (16 bits) 


DS 1 


Data segment 1 register (16 bits) 


AC 


Auxiliary carry flag 


CY 


Carry flag 


P 


Parity flag 


S 


Sign flag 


Z 


Zero flag 


DIR 


Direction flag 


IE 


Interrupt enable flag 


V 


Overflow flag 


BRK 


Break flag 


MD 


Mode flag 


(...) 


Values in parentheses are memory contents 


disp 


Displacement (8 or 16 bits) 


ext-disp8 


16-bit displacement (sign-extension byte + 8-bit 
displacement) 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1-bit) 


seg 


Immediate segment data (16 bits) 


offset 


Immediate offset data (16 bits) 


- 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


+ 


Division 


% 


Modulo 


AND 


Logical product 


OR 


Logical sum 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 



Identifier 




Description 




(blank) 






No change 











Cleared to 




1 






Set to 1 




X 






Set or cleared according to the result 


u 






Undefined 




r 






Value saved earlier is restored 


8- and 16-Bit Registers (mod =11) 


reg 






W-0 


W-1 


000 






AL 


AW 


001 






CL 


CW 


010 






DL 


DW 


011 






BL 


BW 


100 






AH 


SP 


101 






CH 


BP 


110 






DH 


IX 


111 






BH 


IY 


Segment Registers 


ereg 




Register 




00 




DSt 






01 




PS 






10 




SS 






11 




DS 






Memory Addressing 


mem 


mod = 


00 


mod - 01 


mod = 10 


000 


BW+ IX 


BW + IX + disp8 


BW + IX + disp16 


001 


BW+ IY 


BW + IY + disp8 


BW + IY + disp16 


010 


BP+ IX 




BP + IX + disp8 


BP + IX + disp16 


011 


BP+ IV 




BP.+ IY + disp8 


BP + IY + disp16 


100 


IX 




IX + disp8 


IX + disp16 


101 


IY 




IY + disp8 


IY + disp16 


110 


Direct 




BP + dlspS 


BP + disp16 


111 


BW 




BW + disp8 


BW + disp16 
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Instruction Clock Counts 



Mnemonic Operand 



Clocks 



Mnemonic Operand 



ADD 



reg8, reg8 
reg16, regie 


2 
2 


reg8, mem8 
reg16, mem16 


EA+6+W 
EA+8+2W 


mem8, reg8 
reg16, mem16 


EA+8+2W [EA+6+W] 
EA+12+4W [EA+8+2W] 


reg8, imm8 
reg16, Imm8 
mem16, imm16 


5 
5 
6 


mem8,lmm8 
mem16, imm8 
mem16, imm16 


EA+9+2W [EA+7+2W] 
EA+9+2W [EA+7+2W] 
EA+14+4W [EA+10+4W] 



CALL 



CHWND 



CLR1 





AL, imm8 
AW imm16 


5 
6 


ADD4S 




22+(27+3W)n [22+(25+3W)n] 


ADDC 


Same as ADD 




ADJ4A 




9 


ADJ4S 




9 


ADJBA 




17 


ADJBS 




17 



AND 



reg8, reg8 
reg16, reg16 


2 

2 


reg8, mem8 
reg16, mem16 


EA+6+W 
EA+8+2W 


mem8, reg8 
mem16, reg16 


EA+8+2W [EA+6+W] 
EA+12+4W [EA+8+2W] 


reg8, imm8 
reg16, lmm16 


5 
6 



mem8, imm8 
meml6, imm16 


EA+9+2W [EA+7+2W] 
EA+14+4W [EA+10+4W] 


Bcond (conditional branch) 


8 or 15 


BCWZ 


8 or 15 



BR 



near-label 
short-label 



regptr16 
memptrl6 



13 
EA+17+2W 





far-label 
memptr32 


15 
EA+25+4W 


BRK 


3 
imm8 


55+10W[43+10W] 
56+10W [44+10W] 


BRKCS 




15 


BRKV 




55+10W[43+10W] 


BTCLR 




29 


BUSLOCK 




2 



CMP 



Clocks 



near-proc 
regptr16 



22+2W [18+2W] 
22+2W [18+2W] 



memptr16 EA+26+4W [EA+24+4W] 

far-proc 36+4W [34+4W] 

memptr32 EA+36+8W [EA+24+8W] 



EA+26+4W 



CY 

DIR 


2 
2 


reg8, CL 
regie, CL 


8 
8 


mem8, CL 
mem 16, CL 


EA+14+2W [EA+12+W] 
EA+18+4W[EA+14+2W] 


reg8, imm3 
regie, Imm4 


7 
7 



mem8, Imm3 
meml6, imm4 



EA+11+2W [EA+9+W] 
EA+15+4W[EA+10+2Wj 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
regl6, mem16 


EA+6+W 
EA+8+2W 


mem8, regS 
mem16, reg16 


EA+6+W 
EA+8+2W 


reg8, imm8 
regl6, imm8 
reg16, imm16 


5 
5 
6 


mem8, Imm8 
mem16, imm8 
meml6, Imm16 


EA+7+W 

EA+10+2W 

EA+10+2W 





AL, imm8 
AW, imm16 


5 
6 


CMP4S 




22+(23+2W)n 


CMPBK 


mem8, mem8 
meml6, mem16 


23+2W [19+2W] 
27+4W[21+2W] 


CMPBKB 




16 + (21+2W)n 


CMPBKW 




16+(25+4W)n 


CMPM 


mem8 
mem16 


17+W 
19+2W 


CMPMB 




16+(15+W)n 


CMPMW 




16+(17+2W)n 


CVTBD 




19 


CVTBW 




3 


CVTDB 




20 


CVTWL 




8 
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Instruction Clock Counts (cont) 



Mnemonic 


Operand 


Clocks 


DBNZ 




8 or 17 


DBNZE 




8 or 17 


DBNZNE 




8 or 17 



DEC 



Mnemonic Operand 



MOV 



reg16 





mem8 
mem16 


EA+11+2W[EA+9+2W] 
EA+15+4W[EA+11+4W] 


Dl 




4 


DISPOSE 




12+2W 



DIV 


AW reg8 
AW mem8 


46-56 
EA+48+WtoEA+58+W 




DWAW, reg16 

DW;AW 

mem16 


54-64 

EA+58+2Wto EA+68+2W 


DIVU 


AW reg8 
AW mem8 


31 
EA+33+W 





DWAW, reg16 
DW AW, mem16 


39 
EA+43+2W 


DSO: 




2 


DS1: 




2 


El 




12 


EXT 


reg8, reg8 
reg8, imm4 


41-121 
42-122 


FINT 




2 


FP01 




60+10W[48+10W] 


FP02 




60+10W[48+10W] 


HALT 








IN 


AL, imm8 
AW imm8 


14+W 
16+2W 




AL.DW 
AWDW 


13+W 

15+2W 


INC 


reg8 
reg16 


5 
2 




mem8 
mem16 


EA+11+2W[EA+9+2W] 
EA+15+4W[EA+11+4W] 


INM 


mem8, DW 
mem16, DW 


19+2W [17+2W] 
21+4W[17+4W] 



MUL 





mem8, DW 
mem16, DW 


18+(13+2W)n [18+(11+2W)n] 
18+(15+4W)n [18+(11+4W)n] 


INS 


reg8, reg8 
reg8, imm4 


63-155 
64-156 


LDEA 




EA+2 


LDM 


mem8 
mem16 


12+W 
16+(12+2W)n 


LDMB 


mem16 


14+2W 


LDMW 


mem8 


16+(10+W)n 



MULU 



Clocks 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
regie, mem16 


EA+6+W 
EA+8+2W 


mem8, reg8 
mem16, reg16 


EA+4+W [EA+2] 
EA+6+2W [EA+2] 


reg8, Imm8 
reg16, Imm16 


5 
6 


mem8, Imm8 
mem16, imm16 


EA+5+W 
EA+5+2W 


AL, dmem8 
AW dmem16 


9+W 
11+2W 


dmem8, AL 
dmem16, AW 


7+W[5] 
9+2W [5] 


sreg, regie 
sreg, mem16 


4 
EA+10+2W 


reg16, sreg 
mem16, sreg 


3 

EA+7+2W [EA+3] 


AH, PSW 
PSWAH 


2 

3 



DSO, reg16, 
memptr32 
DS1, reg16, 
memptr32 



EA+19+4W 
EA+19+4W 



MOVBK 


mem8, mem8 
mem16, mem16 


20+2W [16+W] 
16+(20+4W)n [16+(12+2W)n] 


MOVBKB 


mem8, mem8 


16+(16+2W)n [16+(12+W)n] 


MOVBKW 


mem16, mem16 


24+4W [20+2W] 


MOVSPA 




16 


MOVSPB 




11 



AW AL, reg8 


31-40 


AW AL, mem8 


EA+33+WtoEA+42+W 


DWAW, AW 


39-48 


reg16 




DWAW, AW 


EA+43+2WtO EA+52+2W 


mem16 




reg16, reg16, 


39-49 


imm8 




reg16, mem16, 


EA+43+2Wto EA+53+2W 


imm8 





reg16, reg16, 
imm16 
reg16, 
mem16, Imm16 



40-50 

EA+44+2WtO EA+54+2W 



reg8 
mem8 



24 
EA+26+W 



reg16 
mem16 



32 
EA+34+2W 
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Instruction dock Counts (cont) 



Mnemonic Operand 



NEG 



NOP 



NOT 



NOT1 



OR 



POLL 



POP 



Clocks 



reg16 



mem8 
mem16 



EA+11+2W[EA+9+W] 
EA+15+4W[EA+11+2W] 



reg8 
reg16 


5 
5 


mem8 
mem16 


EA+11+2W[EA+9+W] 
EA+15+4W[EA+11+2W] 


CY 


2 


reg8, CL 
reg16, CL 


7 
.7 


mem8, CL 
mem16, CL 


EA+13+2W[EA+11+W] 
EA+17+4W [EA+13+2W] 


reg8, imm3 
reg16, imm4 


6 
6 



mem8, imm3 
mem16, imm4 



EA+10+2W[EA+8+W] 
EA + 14+4W[EA+10+2W] 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+6+W 
EA+8+2W 


mem8, reg8 
mem16, reg16 


EA+8+2W[EA+6+W] 
EA + 12+4W[EA+8+2W] 


reg8, imm8 
reg16, imm16 


5 
6 


mem8, imm8 
mem16, imm16 


EA+9+W [EA+7+W] 
EA+14+4W [EA+10+4W] 





AL, imm8 
AW, imm16 


5 
6 


OUT 


imm8, AL 
imm8, AW 


10+W 
10+2W 




DW, AL 
DW AW 


9+W 
9+2W 


OUTM 


DW mem8 
DW, mem16 


19+2W[17+2W] 
21+4W[17+4W] 




DW, mem8 
DW, mem 16 


18 + (13+2W)n 
[18 + (11+2W)n] 
18 + (15+4W)n 
[18 + (11+4W)n] 



reg16 
mem16 


12+2W 

EA + 16+4W [EA+12+2W] 


DS1 
SS 


13+2W 
13+2W 


DSO 
PSW 


13+2W 
14+2W 



82 + 16W[58] 



Mnemonic 



PREPARE 



PS: 



PUSH 



RET 



ROL 



ROL4 



Operand 



Clocks 



imm16, imm8 



null 
pop-value 



mem8, CL 
mem16, CL 



reg8, imm8 
reg16, imm8 



imm8 = 0:27 +2W 
imm8 = 1:39 +4W 
imm8 = n > 1:46+19 
(n-1)+4W 



reg16 
mem16 


10+2W [6] 

EA + 18+4W [EA + 14+4W] 


DS1 
PS 


11+2W[7] 
11+2W[7] 


SS 
DSO 


11 +2W [7] 
11 +2W [7] 


PSW 

R 


10+2W[6] 
82 + 16W[50] 





imm8 
imm16 


13+2W[9] 
14+2W [10] 


REP 




2 


REPE 




2 


REPZ 




2 


REPC 




2 


REPNC 




2 


REPNE 




2 


REPNZ 




2 



20+2W 
20+2W 





null 
pop-value 


29+4W 
30+4W 


RETI 




43+6W [35+2W] 


RETRBI 




12 



reg8, 1 
reg16, 1 


8 
8 


mem8, 1 
mem16, 1 


EA + 14+2W[EA + 12+W] 
EA + 18+4W[EA + 14+2W] 


reg8, CL 
reg16, CL 


11+2n 
11+2n 



EA + 17+2W+2n 
[EA+15+W+2n] 
EA+21+4W+2n 
[EA+17+2W+2n] 



9+2n 
9+2n 



mem8, imm8 
mem16, imm8 



EA + 13+2W+2n 
[EA+11+W+2n] 
EA + 17+4W+2n 
[EA + 13+2W+2n] 



reg8 
mem8 



17 

EA+18+2W [EA+16+2W] 
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Instruction Clock Count* 


t(cont) 


Mnemonic 


Operand 


Clocks 


ROLC 


Same as ROL 




ROR 


Same as ROL 




R0R4 


reg8 
mem8 


21 

EA+24+2W [EA+22+2W] 


RORC 


Same as ROL 





SET1 



TEST 



Mnemonic 



Operand 



Clocks 



TEST1 



CY 

DIR 


2 

2 


reg8, CL 
regie, CL 


7 
7 


mem8, CL 
mem16, CL 


EA+13+2W[EA+11+W] 
EA+17+4W [EA+13+2W] 


reg8, imm3 
reg16, imm4 


6 
6 



reg8, CL 
reg16, CL 


7 

7 


mem8, CL 
mem16, CL 


EA+11+W 
EA+13+2W 


reg8, Imm3 
reg16, imm4 


6 
6 





mem8, imm3 
mem16, imm4 


EA+8+W 
EA+10+2W 


TRANS 




10+W 


TRANSB 




10+W 


TSKSW 




11 



XCH 



reg8, reg8 
reg16, reg16 





mem8, imm3 
mem16, Imm4 


EA+10+2W[EA+8+W] 
EA+14+4W[EA+10+2W] 


SHL 


Same as ROL 




SHR 


Same as ROL 




SHRA 


Same as ROL 




SS: 




2 


STM 


mem8 
mem16 


12+2 [10] 

16+(10+2W)n [16+(6+2W)n] 


STMB 


mem8 


16+(8+W)n[16+(6+W)n] 


STMW 


mem16 


14+2W [10] 


STOP 







SUB 


Same as ADD 




SUB4S 




22+(27+3W)n 
[22+(25+3W)n] 


SUBC 


Same as ADD 





reg8, mem8 
reg16, mem16 



EA+10+2W[EA+8+2W] 
EA+14+4W [EA+10+4W] 



mem8, reg8 
meml6, regl6 



EA+10+2W[EA+8+2W] 
EA+14+4W [EA+10+4W] 



AW reg16 
reg16, AW 



XOR 



Same as AND 



reg8, reg8 
reg16, reg16 



Notes: 

(1) If the number of clocks is not the same for RAM enabled and RAM 
disabled conditions, the RAM enabled value is listed first, fol- 
lowed by the RAM disabled value in brackets; for example, 
EA+8+2W [EA+6+W] 

(2) Symbols in the Clocks column are defined as follows. 

EA = additional clock cycles required for calculation of the 
effective address 
= 3 (mod 00 or 01) or 4 (mod 10) 
W = number of wait states selected by the WTC register 
n = number of iterations or string instructions 



reg8, mem8 
reg16, mem16 


EA+8+W 
EA+10+2W 


mem8, reg8 
mem16, reg16 


EA+8+W 
EA+10+W 


reg8, imm8 
reg16, imm16 


7 
8 


mem8, imm8 
mem16, imm16 


EA+11+W 
EA+11+2W 



AL, imm8 
AW, imm16 
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NEC 



Execution Clock Counts for Operat 


ions 
















Byte 






Word 




RAM Enable 




RAM Disable 


RAM Enable 


RAM Disable 


Context switch interrupt (Note 1) 




- 




- 


27 


27 


DMA (Single-step mode) (Note 2) 




8+2W 




8+2W 


14+4W 


14+ 4W 


DMA (Demand release mode) 




(2+W)n 




(2+W)n 


(4+2W)n 


(4+2W)n 


DMA (Burst mode) 




3.5 + (4+2W)(n- 


•1) 3.5 + (4+2W)(n-1) 


9.5+2W+(4+2W)(n- 


1) 9.5+2W+(4+2W)(n-1) 


DMA (Single-transfer mode) 




2+W 




2+W 


4+2W 


4+2W 


Interrupt (iNT pin) (Note 3) 




- 




— 


62+ 6W 


62+ 6W 


Macroservice, sfr *- mem (Note 2) 




24+ W 




19+ W 


26+ 2W 


21 + 2W 


Macroservice, mem «- sfr 




22+ W 




20+ W 


22+ 2W 


22+ 2W 


Macroservice (Search char mode), 


sfr «- mem 


27+ W 




27+ W 


— 


— 


Macroservice (Search char mode), 


mem «- sfr 


37+ W 




34+ W 


— 


— 


Vectored priority interrupts (including NMI) 
(Notel) 


— 




— 


58+ 10W 


58+10W 



N = number of clocks to complete the instruction currently executing. 
n= number of transfers 

Notes: 

(1) Every interrupt has an additional associated latency time of 27 + 
N clocks. During the 27 clocks, the interrupt controller performs 
some overhead tasks such as arbitrating priority. This time 
should be added to the above listed interrupt and macroservice 
execution times. 

(2) The DMA and macroservice clock counts listed are the required 
number of CPU clocks for each transfer. 

(3) When an external interrupt is asserted, a maximum of 6 clocks is 
required for internal synchronization before the interrupt request 
flag is set. For an internal interrupt, a maximum of 2 clocks is 
required. 

Bus Controller Latency 



Clocks 



Latency 



Mode 



Typ 



Max 



Hold request 



DMA request 
(Notes 1 , 2) 



Refresh active 




9+3W 


Intack active 




10+ 2W 


No refresh or intack 




7+2W 


Burst 


3 


14+2W 


Single-step 


3 


14+2W 


Demand release 


3 


14+2W 



Single-transfer 



14+2W 



Notes: 

(1) The listed DMA latency times are the maximum number of clocks 
when a DMA request is asserted until DMAAK or MREQ goes low 
in the corresponding DMA cycle. 

(2) The test conditions are: no wait states, no interrupts, no macro- 
service requests, and no hold requests. 
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Instruction Set 



Mnemonic Operand 


Operation 






7 6 


Operation Code 
5 4 3 2 


1 


Flags 
Bytes AC CY V P S Z 


Data Transfer 


MOV 


reg, reg 


reg ■<- reg 






1 








1 





1 w 


2 




1 1 




reg 






reg 






mem, reg 


(mem) «- reg 






1 








1 





W 


2-4 




mod 




reg 






mem 






reg, mem 


reg «- (mem) 






1 








1 





1 W 


2-4 




mod 




reg 






mem 






mem, imm 


(mem) <- imm 






1 1 











1 


1 W 


3-6 




mod 













mem 






reg, imm 


reg <- imm 






1 


1 


1 


W 




reg 


2-3 




ace, dmem 


When W = 0:AL<- (dmem) 
When W = 1 : AH <- (dmem + 1 ), 
AL «- (dmem) 


1 


1 











W 


3 




dmem, ace 


When W = 0: (dmem) *- AL 
WhenW= 1:(dmem + 1) <- 
(dmem) <- AL 


AH, 


1 


1 











1 W 


3 




sreg, reg16 


sreg «- reg16 sreg : SS, DSO, DS1 


1 








1 




1 


2 




1 1 





sreg 




reg 






sreg, mem16 


sreg «- (mem16)sreg 


: SS, DSO, DS1 


1 








1 




1 


2-4 




mod 





sreg 




mem 






reg16,sreg 


reg16 «- sreg 






1 








1 







2 




1 1 





sreg 




reg 






mem16, sreg 


(mem16) <- sreg 






1 








1 







2-4 




mod 





sreg 




mem 






DS0,reg16, 
mem32 


reg16 <- (mem32), 
DSO «- (mem32 + 2) 






1 1 













1 


2-4 




mod 




reg 






mem 






DS1,reg16, 
mem32 


reg16 «- (mem32), 
DS1 «- (mem32 + 2) 






1 1 
















2-4 




mod 




reg 






mem 






AH, PSW 


AH «- S, Z, x, AC, x, P, 


x,CY 




1 





1 


1 




1 1 


1 




PSW, AH 


S,Z,x,AC,x,P,x,CY 


«-AH 




1 





1 


1 




1 


1 XX XXX 


LDEA 


reg16, mem16 


reg16 <- mem16 






1 








1 




1 


2-4 




mod 




reg 






mem 




TRANS 


sre- table 


AL «- (BW + AL) 






1 1 





1 







1 1 


1 


XCH 


reg, reg 


reg ++ reg 






1 













1 W 


2 




1 1 




reg 






reg 






mem, reg 
or reg, mem 


(mem) ++ reg 






1 











1 


1 W 


2-4 




mod 




reg 






mem 






AW, reg16 
or reg16, AW 


AW ++ reg16 






1 





1 







reg 


1 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 1 





Bytes 


Flags 
AC CY V P S Z 


Repeat Prefixes 



REPC 



While CW * 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. When CY * 1 , exit the loop. 



1 1 



1 1 



REPNC 



While CW * o, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. When CY * 0, exit the loop. 



1 1 



REP 

REPE 

REPZ 



While CW * 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. If the primitive block transfer 
instruction is CMPBKor CMPM and 
Z* 1, exit the loop. 



1 1 1 



11 



REPNE 
REPNZ 



While CW * 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. If the primitive block transfer 
instruction is CMPBK or CMPM and 
Z 5*0, exit the loop. 



1 



Primitive Block Transfer 



MOVBK dst-block, When W = 0: (IY) «- (IX) 

src-block DIR = 0: IX ♦- IX + 1 , IY *- IY + 1 

DIR = 1:IX«-IX-1,IY«-IY-1 
When W = 1 : (IY + 1 , IY) <- (IX + 1 , IX) 
DIR = 0: IX <- IX + 2, IY <- IY + 2 
DIR = 1:IX<-IX-2,IY<-IY-2 



1 W 



CMPBK src-block, 
dst-block 



WhenW = 0:(IX)-(IY) 
DIR = 0:IX4-IX+1,IY<-IY+1 
DIR = 1:IX<-IX-1,IY<-IY-1 

When W = 1 : (IX + 1 , IX)- (IY + 1 , IY) 
DIR = 0: IX <- IX + 2, IY «- IY + 2 

. DIR = 1:IX<-IX-2,IY<-IY-2 



1 1 



1 1 W 



CMPM dst-block 



WhenW = 0:AL-(IY) 

DIR = 0: IY <- IY + 1 ; DIR = 1 : IY <- IY-1 
WhenW=1:AW-(IY+1,IY) 

DIR = 0: IY <- IY + 2; DIR = 1 : IY <- IY-2 



1 1 1 W 



LDM src-block 



WhenW = 
DIR = 0: 

WhenW = 
DIR = 0: 



0:AL<-(IX) 
IX<-IX+1;DIR=1:IX< 
1:AW<-(IX + 1,IX) 
IX<-IX + 2;DIR = 1:IX- 



1 1 W 



IX-1 



IX-2 



STM dst-block 



WhenW = 0:(IY)«-AL 

DIR = 0:IY<-IY+1;DIR=1:IY«-IY-1 
When W = 1 : (IY + 1 , IY) 4- AW 

DIR = 0: IY «- IY + 2; DIR = 1 : IY <- IY-2 



1 W 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 




7 


6 


Operation Code 
5 4 3 2 


1 


Bytes 


Flags 
AC CY V P S Z 


Bit Field Transfer 


INS reg8, reg8 


16-bit field <- AW 
















1 


1 


1 1 


3 














1 


1 








1 






1 


1 




reg 






reg 




reg8, imm4 


16-bitfield<-AW 
















1 


1 


1 1 


4 














1 


1 


1 





1 






1 


1 













reg 




EXT reg8, reg8 


AW <- 16-bit field 
















1 


1 


1 1 


3 














1 


1 








1 1 






1 


1 




reg 






reg 




reg8, imm4 


AW <- 16-bit field 
















1 


1 


1 1 


4 














1 


1 


1 





1 1 






1 


1 













reg 




I/O 


IN ace, imm8 


WhenW = 0:AL<- 
WhenW=1:AH <- 
AL «- (imm8) 


(imm8) 
(imm8 + 1), 


1 


1 


1 








1 


W 


2 






ace, DW 


WhenW = 0:AL<- 
WhenW=T.AH<- 
AL «- (DW) 


(DW) 
(DW+1), 


1 


1 


1 





1 


1 


W 


1 






OUT imm8, ace 


WhenW = 0:(imm8)«-AL 
When W = 1 : (imm8 + 1 ) <- AH, 
(imm8) <- AL 


1 


1 


1 








1 


1 W 


2 






DW, ace 


WhenW = 0:(DW)<-AL 
WhenW=1:(DW+1)<-AH, 
(DW) «- AL 


1 


1 


1 





1 


1 


1 W 


1 






Primitive Block I/O Transfer 



INM 



dst-block, DW 



When W = 0: (IY) <- (DW) 
DIR = 0: IY +- IY + 1 
DIR = 1:IY<- IY-1 

WhenW=1:(IY + 1,IY) <- 

(DW + 1 , DW) 
DIR = 0:IY<- IY + 2 
DIR = 1:IY<- IY-2 



110 1 1 W 1 



OUTM DW, src-block 



WhenW = 0:(DW)<-(IX) 
DIR = 0: IX «- IX + 1 
DIR = 1:IX •*- IX-1 

WhenW=1:(DW+1,DW) 

(IX + 1.IX) 
DIR = 0:IX<-IX + 2 
DIR = 1:IX<-IX-2 



110 1 1 1 W 1 
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NEC 



Instruction Set (cont) 



Mnemonic Operand Operation 



Operation Code Flags 

7 6 5 4 3 2 10 Bytes AC CY V P S Z 



Addition /Subtraction 



ADD reg, reg reg «- reg + reg 



1 W 



x x x x x x 







1 1 




reg 






reg 
















mem, reg 


(mem) <- (mem) + reg 

















W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg «- reg + (mem) 

















1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg <- reg + imm 


1 














S W 


3-4 


X 


X 


X 


X 


X 


X 




1 1 













reg 




mem, imm 


(mem) <- (mem) + imm 


1 














S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 













mem 





When W = 0: AL <- AL + imm 
When W = 1 : AW <- AW + imm 



0000 010W 2-3 x xxxxx 



ADDC reg, reg 



reg <- reg + reg + CY 



1 1 W 



x xxxxx 







1 1 




reg 






reg 
















mem, reg 


(mem) <- (mem) + reg + CY 








1 








W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg «- reg + (mem) + CY 








1 








1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg «- reg + imm + CY 


1 














S W 


3-4 


X 


X 


X 


X 


X 


X 




1 1 





1 







reg 




mem, imm 


(mem) «- (mem) + imm + CY 


1 














S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 





1 







mem 





When W = 0: AL *- AL + imm + CY 
When W = 1 : AW «- AW + imm + CY 



0001 010W 2-3 x xxxxx 



SUB reg, reg 



reg «- reg - reg 



10 1 1 W 



x xxxxx 







1 1 




reg 






reg 
















mem, reg 


(mem) <- (mem) - reg 





1 





1 





W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg «- reg - (mem) 





1 





1 





1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg «- reg - imm 


1 














S W 


3-4 


X 


X 


X 


X 


X 


X 




1 1 


1 





1 




reg 




mem, imm 


(mem) <- (mem) - imm 


1 














S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 


1 





1 




mem 





When W = 0: AL *- AL - imm 
WhenW=1:AW<-AW-imm 



0010 1 1 W 2-3 x xxxxx 



SUBC reg, reg 



reg, mem 



reg «- reg- reg -CY 



1 1 1 W 



x xxxxx 









1 1 




reg 


reg 
















mem, reg 


(mem) «- (mem) 


-reg-CY 








1 1 


W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 


mem 





reg «- reg- (mem) -CY 



0001 101W 2-4 x xxxx 

mod reg mem 
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Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 
7 6 5 4 3 2 10 



Flags 
Bytes AC CY V P S Z 



Addition /Subtraction (cont) 



SUBC reg, imm 



reg «- reg- imm -CY 



(mem) «- (mem)- imm -CY 



1 














s w 


1 1 





1 


1 




reg 


1 














S W 



3-4 



X X X X 



3-6 



X X X X 



mod 1 



ROL4 





ace, imm 


When W = 0: AL <- AL-imm-CY 
WhenW= 1:AW «- AW-imm-CY 











1 


1 


1 





w 


2-3 


X 


X 


X 


X 


X 


X 


BCD Operation 


ADD4S 




dst BCD string «- dst BCD string 
+ sre BCD string 














1 


1 


1 


1 


2 


u 


X 


u 


u 


u 


X 










1 



















SUB4S 




dst BCD string «- dst BCD string 
- sre BCD string 














1 


1 


1 


1 


2 


u 


X 


u 


u 


u 


X 










1 











1 







CMP4S 




dst BCD string - sre BCD string 











1 






1 



1 
1 


1 

1 


1 




2 


u 


X 


u 


u 


u 


X 



reg 8 



7 AL 







7 reg8 





Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 




83YL-6770A 








, 


> 



1111 
10 10 



110 



reg 



mem 8 



AL 



Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 














, 


* 















1 1 


1 


1 








1 





1 









mod 



3-5 



ROR4 reg 8 7 



Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 






i 


i 





















1 1 1 


1 








1 





10 1 






110 



reg 



mem 8 



Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 






t 





















1 1 1 


1 








1 





1 1 






mod 



3-5 



BCD Adjust 



ADJBA 



When (AL AND 0FH) > 9 or AC = 1 : 
AL «- AL + 6, AH «- AH + 1 , AC •*- 1 , 
CY*-AC,AL<-ALAND0FH 



11 111 



x x u u u u 



ADJ4A 



When (AL AND0FH) > 9 or AC = 1 : 
AL <- AL + 6, CY «- CYOR AC, AC 
WhenAL>9FH,orCY=1: 
AL <- AL + 60H, CY <- 1 



10 111 



x x u x x x 



ADJBS 



When (AL AND 0FH) > 9 or AC = 1 : 
CY <- AC, AL<- ALAND 0FH 



11 1111 



x x u u u u 



ADJ4S 



When(ALAND0FH)>9orAC=1: 
AL «- AL - 6, CY <- CYOR AC, AC <- 1 , 
WhenAL>9FH,orCY=1: 
AL <- AL + 60H, CY <- 1 



10 



1111 



x x u x x x 
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SEC 



Instruction Set (cont) 


Mnemonic Operand 


Operation 




7 6 


Operation Code 
5 4 3 2 


1 


Bytes 


AC 


CY 


Flags 
V P 


s 


z 


Increment/ Decrement 


INC reg8 


reg8 <- reg8 + 1 




1 1 


1 


1 


1 


1 


1 


2 


X 




X 


X 


X 


X 




1 1 













reg 




mem 


(mem) <- (mem) + 1 




1 1 


1 


1 


1 


1 


1 W 


2-4 


X 




X 


X 


X 


X 




mod 













mem 




reg16 


reg16 <- reg16 + 1 




1 













reg 


1 


X 




X 


X 


X 


X 


DEC reg8 


reg8 «- reg8 - 1 




1 1 


1 


1 


1 


1 


1 


2 


X 




X 


X 


X 


X 




1 1 








1 




reg 




mem 


(mem) *- (mem) - 1 




1 1 


1 


1 


1 


1 


1 W 


2-4 


X 




X 


X 


X 


X 




mod 








1 




mem 




reg16 


reg16 <- reg16 - 1 




1 








1 




reg 


1 


X 




X 


X 


X 


X 


Multiplication 


MULU reg8 


AW<- ALxreg8 
AH = 0:CY «-0,V<-0 
AH*0:CY*-1,V<-1 








1 





1 


1 


2 


u 


X 


X 


u 


u 


u 
















reg 




mem8 


AW«- ALx(mem8) 
AH = 0:CY<-0,V<-0 
AH*0:CY<-1,V<- 1 








1 





1 


1 


2-4 


u 


X 


X 


u 


u 


u 




mod 












mem 




reg16 


DW,AW+-AWxreg16 
DW = 0:CY*-0,V<-0 
DW*0:CY«-1,V<-1 








1 





1 


1 1 


2 


u 


X 


X 


u 


u 


u 
















reg 




mem16 


DW,AW<-AWx(mem16) 
DW = 0:CY<-0,V<-0 
DW*0:CY«-1,V<-1 








1 





1 


1 1 


2-4 


u 


X 


X 


u 


u 


u 




mod 












mem 




MUL reg8 


AW<- ALxreg8 
AH = ALsign expansion: 
AH * AL sign expansion: 


CY<-0,V<-0 
CY«-1,V«-1 






1 





1 


1 


2 


u 


X 


X 


u 


u 


u 











1 




reg 




mem8 


AW«- ALx(mem8) 
AH = ALsign expansion: CY <- 0, V «- 
AH * AL sign expansion: CY *- 1 , V «- 1 






1 





1 


1 


2-4 


u 


X 


X 


u 


u 


u 




mod 







1 




mem 




reg16 


DW,AW<-AWxreg16 
DW = AW sign expansion 
DW * AW sign expansior 


:CY<-0,V4-0 
:CY<-1,V<-1 






1 





1 


1 1 


2 


u 


X 


X 


u 


u 


u 











1 




reg 




mem16 


DW,AW<-AWx(mem16) 
DW = AW sign expansion: CY «- 0, V «- 
DW * AW sign expansion: CY +- 1 , V <- 1 






1 





1 


1 1 


2-4 


u 


X 


X 


u 


u 


u 




mod 







1 




mem 




reg16, 


reg16 «- reg16ximm8 
Products 16 bits: CY <- 
Product > 16 bits: CY «- 


o,v<-o 

1.V+-1 


1 







1 





1 1 


• 3 


u 


X 


X 


u 


u . 


u 


reg16, 
imm8 


1 1 




reg 






reg 




reg16, 


reg16 «- (mem16)ximm8 
Product < 16 bits: CY <- 
Product > 16 bits: CY «- 


0,V<-0 
1,V<- 1 


1 







1 





1 1 


3-5 


u 


X 


X 


u 


u 


u 


mem16, 
imm8 


mod 




reg 






mem 




reg16, 


reg16 *- reg16ximm16 
Products 16 bits: CY <- 
Product > 16 bits: CY <- 


O.V+-0 
1,V^-1 


1 







1 





1 


4 


u 


X 


X 


u 


u 


u 


reg16, 
imm16 


1 1 




reg 






reg 




reg16, 


reg16 «- (mem16)ximm16 
Products 16 bits: CY +- 
Product > 16 bits: CY <- 


1,V<-1 


1 







1 





1 


4-6 


u 


X 


X 


u 


u 


u 


mem16, 
imm16 


mod 




reg 






mem 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Unsigned Division 



DIVU 



mem8 



reg16 



temp 4- AW 

When temp + reg8 > FFH: 

(SP-1,SP-2)4-PSW, 

(SP-3,SP-4)4-PS, 

(SP-5, SP-6) 4- PC, SP <- SP-6, 

IE 4- 0, BRK 4- 0, PS <- (3, 2), PC <- (1 , 0) 

All other times: 

AH 4- temp% reg8, AL <- temp -r- reg8 



1111 



1 1 



1111 



reg 



temp «- AW 

When temp -f- (mem8) > FFH: 

(SP-1,SP-2)<-PSW, 

(SP-3,SP-4)4-PS, 

(SP-5, SP-6) 4- PC.SP <- SP-6, 

IE <- 0, BRK 4- 0, PS 4- (3, 2), PC 4- (1 , 0) 

All other times: 

AH 4- temp% (mem8), AL *- temp -h (mem8) 



1 1 1 



1 1 



2-4 



mod 1 1 



temp <- AW 

When temp h- reg16 > FFFFH: 

(SP-1,SP-2)4-PSW, 

(SP-3,SP-4)*-PS, 

(SP-5, SP-6) 4- PC, SP <- SP-6, 

IE +- 0, BRK 4- 0, PS <- (3, 2), PC 4- (1 , 0) 

All other times: 

AH *- temp% reg16, AL *- temp -h reg16 



1111 



111 



u u u u 



1111 



reg 



mod 1 1 



mem16 temp «- AW 1111 

When temp h- (mem16) > FFFFH: 
(SP-1,SP-2)4-PSW, 
(SP-3,SP-4)4-PS, 
(SP-5, SP-6) 4- PC.SP <- SP-6, 
IE 4- 0, BRK 4- 0, PS 4- (3, 2), PC «- (1 , 0) 
Allothertimes: 
AH 4- temp%(mem16), AL 4- temp -r (mem16) 



1 1 1 



2-4 



Signed Division 



DIV 



reg8 



1111 



temp <- AW 1111 

When temp h- reg8 > and temp h- reg8 

> 7FH or temp -h reg8 < and 

temp h- reg8 < 0-7FH- 1 : 

(SP-1,SP-2)4-PSW, 

(SP-3,SP-4)4-PS, 

(SP-5, SP-6) <- PC, SP <- SP-6, 

IE +- 0, BRK <- 0, PS 4- (3, 2), PC 4- (1 , 0) 

Allothertimes: 

AH 4- temp % reg8, AL 4- temp h- reg8 



1 1 



reg 



mod 1 1 



mem8 temp 4- AW 1111 

When temp -h (mem8) > and (mem8) > 
7 FH or temp -h (mem8) < and 
temp + (mem8) < 0-7FH - 1 : 
(SP-1,SP-2)4-PSW, 
(SP-3,SP-4)4-PS, 
(SP-5, SP-6) 4- PC, SP 4- SP-6, 
IE 4- 0, BRK 4- 0, PS 4- (3, 2), PC 4- (1 , 0) 
Allothertimes: 
AH 4- temp% (mem8), AL 4- temp + (mem8) 



110 



2-4 
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NEC 



Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 1 





Bytes 


Flags 
AC CY V P S Z 


Signed Division (cont) 



DIV reg16 temp <- DW, AW 

When temp h- reg16 > and reg16 

> 7FFFH or temp -h reg16 < 

0-7FFFH-1: 

(SP-1,SP-2)<-PSW, 

(SP-3,SP-4)<-PS, 

(SP-5, SP-6) *- PC, SP <- SP-6, 

IE <- 0, BRK «- 0, PS <- (3, 2), PC «- (1 , 0) 

Allothertimes: 

AH «- temp%reg16, AL <- temp -h reg16 



1111 111 



u u u u u 



1111 



reg 



mem16 



mod 1 1 



temp<-DW,AW 1111 

When temp + (mem16)>0 and (mem16) 

> 7 FFFH or temp h- (mem16) < and 

temp -h (mem16) < 0-7FFFH- 1 : 

(SP-1,SP-2)*-PSW, 

(SP-3,SP-4)<-PS, 

(SP-5, SP-6) +- PC, SP <- SP-6, 

IE <- 0, BRK <- 0, PS <- (3, 2), PC<-(1, 0) 

Allothertimes: 

AH <- temp%(mem16), AL *- temp + (mem16) 



111 



u u u u u u 



Data Conversion 


CVTBD 


AH +- AL -T- 0AH, AL <- AL % 0AH 


1 


1 





1 





1 








2 


u 


u 


u 


X 


X 


X 
















1 





1 







CVTDB 


AH<-0,AL<-AHx0AH + AL 


1 


1 





1 





1 





1 


2 


u 


u 


u 


X 


X 


X 
















1 





; 1 







CVTBW 


WhenAL<80H:AH-<-0 
All other times: AH «- FFH 


1 








1 


1 











1 














CVTWL 


When AL < 8000H: DW <- 
Allothertimes: DW <- FFFFH 


1 








1 


1 








1 


1 














Comparison 


CMP reg, reg 


reg -reg 








1 


1 


1 





1 


w 


2 


X 


X 


X 


X 


X 


X 




1 


1 




reg 






reg 






mem, reg 


(mem) -reg 








1 


1 


1 


o 


.0 


w 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 


I 




reg, mem 


reg -(mem) 








1 


1 


1 





1 


w 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 


I 




reg, imm 


reg -imm 


1 

















S, 


w 


3-4 


X 


X 


X 


X 


X 


X 




1 


1 


1 


1 


1 




reg 






mem, imm 


(mem) -imm 


1 

















S 


w 


3-6 


X 


X 


X 


X 


X 


X 




mod 


1 


1 


1 




mem 


' 




ace, imm 


When W = 0:AL- imm 
WhenW=1:AW-imm 








1 


1 


1 


1 





w 


2-3 


X 


X 


X 


X 


X 


X 
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Instruction Set (cont) 



Mnemonic Operand 


Operation 


7 


6 


Operation Code 
5 4 3 2 


1 


Bytes 


AC 


CY 


Flags 
V P 


S 


z 


Complement 


NOT reg 


reg <- reg 


1 


1 


1 


1 





1 


1 w 


2 
















1 


1 





1 







reg 




mem 


(mem) «- (mem) 


1 


1 


1 


1 





1 


1 W 


2-4 
















mod 





1 







mem 




NEG reg 


reg «- reg + 1 


1 


1 


1 


1 





1 


1 W 


2 


X 


X 


X 


X 


X 


X 




1 


1 





1 


1 




reg 




mem 


(mem) «- (mem) + 1 


1 


1 


1 


1 





1 


1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 





1 


1 




mem 




Logical Operation 


TEST reg, reg 


reg AND reg 


1 














1 


W 


2 


u 








X 


X 


X 




1 


1 




reg 






reg 




mem, reg 


(mem) AND reg 


1 














1 


W 


2-4 


u 








X 


X 


X 


or reg, mem 


mod 




reg 






mem 




reg, imm 


reg AND imm 


1 


1 


1 


1 





1 


1 W 


3-4 


u 








X 


X 


X 




1 


1 













reg 




mem, imm 


(mem) AND imm 


1 


1 


1 


1 





1 


1 W 


3-6 


u 








X 


X 


X 




mod 













mem 




ace, imm 


When W = 0: AL AND imm8 
When W = 1 : AW AND imm8 


1 





1 





1 





W 


2-3 


u 








X 


X 


X 


AND reg, reg 


reg <- reg AND reg 




1 




1 


1 



reg 








1 W 
reg 


2 


u 








X 


X 


X 


mem, reg 


(mem) «- (mem) AND reg 








1 











W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg «- reg AND (mem) 



mod 


1 



reg 








1 W 
mem 


2-4 


u 








X 


X 


X 


reg, imm 


reg «- reg AND imm 


1 

















W 


3-4 


u 








X 


X 


X 




1 


1 


1 










reg 




mem, imm 


(mem) «- (mem) AND imm 


1 

















W 


3-6 


u 








X 


X 


X 




mod 


1 










mem 




ace, imm 


When W = 0:AL <- ALAND imm8 
When W = 1 : AW <- AW AND imm16 








1 








1 


W 


2-3 


u 








X 


X 


X 
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Instruction Set (cont) 



Mnemonic Operand Operation 



Operation Code Flags 

7 6 5 4 3 2 10 Bytes AC CY V P S Z 



Logical Operation (cont) 



OR 



reg, reg 



reg «- reg OR reg 



1 1 W 



u x x x 









1 1 




reg 






reg 
















mem, reg 


(mem) «- (mem) OR 


reg 











1 





W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg «- reg OR (mem) 













1 





1 W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg *- reg OR imm 




1 














W 


3-4 


u 








X 


X 


X 




1 1 








1 




reg 




mem, imm 


(mem) «- (mem) OR 


imm 


1 














W 


3-6 


u 








X 


X 


X 




mod 








1 




mem 





WhenW = 0:AL<-ALORimm8 
WhenW = 1: AW <- AWORimm16 



0000 110W 2-3 u OOxxx 



XOR 



reg, reg 



reg *- reg XOR reg 



11 1 W 



u OOxxx 









1 1 




reg 






reg 
















mem, reg 


(mem) *- (mem) XOR 


reg 



mod 


1 


1 
reg 








W 
mem 


2-4 


u 








X 


X 


X 


reg, mem 


reg <- reg XOR (mem) 







1 


1 








1 W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg <- reg XOR imm 




1 














W 


3-4 


u 








X 


X 


X 




1 1 


1 


1 







reg 




mem, imm 


(mem) <- (mem) XOR 


imm 


1 














W 


3-6 


u 








X 


X 


X 




mod 


1 


1 







mem 





When W = 0: AL <- ALXORimm8 
When W = 1 : AW +- AW XOR imm16 



0011 010W 2-3 u OOxxx 



Bit Operation 



TEST1 reg8, CL 



reg8 bit no. CL = 0: Z «- 1 
reg8bitno. CL= 1:Z<-0 



1111 
1 



u u u x 



110 



reg 



mem8, CL 



(mem8) bit no. CL = 0: Z «- 1 
(mem8) bit no. CL - 1 : Z <- 



0000 1111 3-5 u OOuux 



1 



mod 



reg16,CL 



reg16bitno.CL = 0:Z<- 1 
reg16bitno.CL=1:Z<-0 



1111 
1 1 



u u u x 



110 



reg 



mem16, CL 



(mem16)bitno.CL = 0:Z<- 1 
(mem16) bit no. CL = 1 : Z <- 



1111 
1 1 



mod mem 



3-5 



u OOuux 



reg8, imm3 



reg8 bit no. imm3 = 0: Z «- 1 
reg8 bit no. imm3 = 1 : Z «- 



1111 
1 10 



u OOuux 



110 



reg 
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Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 
7 6 5 4 3 2 1 



Bytes 



Flags 
AC GY V P S Z 



Bit Operation (cont) 



TEST1 


mem8, imm3 


(mem8) bit no. imm3 = 0: Z <- 1 
(mem8) bit no. imm3 = 1 : Z *- 














1 




1 1 


4-6 


u 


u u x 













1 


1 












mod 













mem 






reg16, imm4 


reg16bitno. imm4 = 0:Z <- 1 
reg16 bit no. imm4 = 1 : Z <- 














1 




1 1 


4 


u 


u u x 













1 


1 





1 






-j 


1 













reg 






mem16, imm4 


(mem16) bit no. imm4 = 0: Z <- 1 
(mem 16) bit no. imm4 = 1:Z «- 














1 




1 1 


4-6 


u 


u u x 













1 


1 





1 






mod 













mem 






reg8, CL 
















1 




1 1 


3 






NOT1 


reg8 bit no. CL <- reg8 bit no. CL 















1 







1 






1 


1 













reg 






mem8,CL 
















1 




1 1 


3-5 








(mem8) bit no. CL «- (mem8) bit no. CL 















1 







1 






mod 













mem 






reg16,CL 
















1 




1 1 


3 








reg16bitno.CL «- reg16bitno.CL 















1 







1 1 






1 


1 













reg 






mem16, CL 
















1 




1 1 


3-5 








(mem16) bit no. CL «- (mem16) bit no. CL 















1 







1 1 






mod 













mem 






reg8, imm3 
















1 




1 1 


4 








reg8 bit no. imm3 «- reg8 bit no. imm3 















1 


1 




1 






1 


1 













reg 






mem8, imm3 
















1 




1 1 


4-6 








(mem8) bit no. imm3 *- (mem8) bit no. imm3 















1 


1 




1 






mod 













mem 






reg16, imm4 
















1 




1 1 


4 








reg 1 6 bit no. imm4 «- reg16 bit no. imm4 















1 


1 




1 1 






1 


1 













reg 






mem16, imm4 
















1 




1 1 


4-6 








(mem16)bitno.imm4«-(mem16)bitno.imm4 















1 


1 




1 1 





CY 



CY«-CY 



mod ' 
1111 



1 
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SEC 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


7 


6 


Operation Code 
5 4 3 2 


1 


Flags 
Bytes AC CY V P S Z 


Bit Operation (cont) 


CLR1 reg8, CL 


reg8bitno. CL <- 




1 




1 









1 




1 





1 




1 1 

1 
reg 


3 






mem8, CL 


(mem8) bit no. CL <-0 














1 


1 


1 1 


3-5 









mod 






1 











1 
mem 




reg16, CL 


reg16bitno.CL«-0 














1 


1 


1 1 


3 

















1 








1 1 






1 


1 













reg 




mem16,CL 


(mem16)bitno.CL't-0 














1 


1 


1 1 


3-5 









mod 






1 











1 1 
mem 




reg8, imm3 


reg8 bit no. imm3 <- 














1 


1 


1 1 


4 

















1 


1 





1 






1 


1 













reg 




mem8, imm3 


(mem8) bit no. imm3 «- 














1 


1 


1 1 


4-6 









mod 






1 




1 







1 
mem 




reg16, imm4 


reg16bitno. imm4 <- 














1 


1 


1 1 


4 

















1 


1 





1 1 






1 


1 













reg 




mem16, imm4 


(mem16) bit no. imm4 «- 














1 


1 


1 1 


4-6 

















1 


1 





1 1 






mod 













mem 




CY 


CY<-0 


1 


1 


1 


1 


1 








1 







DIR 


DIR<-0 


1 


1 


1 


1 


1 


1 





1 






SET1 reg8, CL 


reg8 bit no. CL «- 1 




1 





1 









1 




1 





1 
1 


1 1 

reg 


3 






mem8, CL 


(mem8) bit no. CL <- 1 














1 


1 


1 1 


3-5 

















1 





1 









mod 













mem 




reg16,CL 


reg16bitno.CL«- 1 














1 


1 


1 1 


3 

















1 





1 


1 






1 


1 













reg 




mem16, CL 


(mem16)bitno.CL<- 1 














1 


1 


1 1 


3-5 

















1 





1 


1 






mod 













mem 
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Instruction Set (cont) 



Mnemonic Operand 


Operation 


7 6 


Operation Code 
5 4 3 2 


1 


Bytes 


AC 


CY 


Flags 
V P 


s 


z 


Bit Operation (cont) 


SET1 reg8, imm3 


reg8bitno. imm3 *- 1 















1 1 


4 




















1 













1 1 













reg 




mem8, imm3 


(mem8) bit no. imm3 <- 1 















1 1 


4-6 




















1 













mod 













mem 




reg16, imm4 


reg16bitno. imm4 «- 1 















1 1 


4 




















1 






1 






1 1 













reg 




mem16, imm4 


(mem16) bit no. imm4 <- 1 















1 1 


4-6 




















1 






1 






mod 













mem 




CY 


CY<-1 




1 


1 







1 


1 




1 








DIR 


DIR <- 1 




1 


1 




1 


1 


1 












Shift 


SHL reg, 1 


CY +- MSB of reg, reg <- reg x 2 
When MSB of reg * CY, V <- 1 
When MSB of reg = CY, V «- 







1 








W 


2 


u 


X 


X X 


X 


X 






1 










reg 




mem,1 


CY <- MSB of (mem), (mem) *- (mem)x2 
When MSB of (mem) * CY, V *- 1 
When MSB of (mem) = CY, V <- 







1 








W 


2-4 


u 


X 


X X 


X 


X 




mod 


1 










mem 




reg, CL 


temp «- CL,whiletemp*0, 
repeatthis operation, CY «- MSB of reg, 
reg «- reg x 2, temp <- temp- 1 







1 








1 W 


2 


u 


X 


U X 


X 


X 






1 










reg 




mem.CL 


temp <- CL, while temp * 0, 

repeatthis operation, CY «- MSB of (mem), 

(mem) +■ (mem) x 2, temp ■<- temp- 1 







1 








1 W 


2-4 


u 


X 


U X 


X 


X 




mod 


1 










mem 




reg, imm8 


temp ■«- imm8, while temp * 0, 
repeatthis operation, CY «- MSB of reg, 
reg <- reg x 2, temp «- temp-1 
















W 


3 


u 


X 


U X 


X 


X 






1 










reg 




mem,imm8 


temp «- imm8, while temp * 0, 
repeatthis operation, CY <- MSB of (mem), 
(mem) «- (mem) x 2, temp <- temp-1 


mod 




1 













W 
mem 


3-5 


u 


X 


U X 


X 


X 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Shift (cont) 



SHR reg, 1 



CY «- LSBof reg, reg «- reg -*- 2 

When MSB of reg* bitfollowingMSB 

of reg: V 4-1 

When MSB of reg = bit following MSB 

ofreg:V«-0 



1101 000W 2 u xxxxx 



1110 1 reg 



mem, 1 CY «- LSB of (mem), (mem) «- (mem) •*. 2 

When MSB of (mem) * bitfollowingMSB 
of (mem): V *- 1 

When MSB of (mem) = bit following MSB 
of(mem):V«-0 



1101 000W 2-4 u xxxxx 



mod 1 1 mem 



reg, CL 


temp «- CL, while temp * o, 

repeat this operation, CY «- LSB of reg, 

reg <- reg h- 2, temp «- temp- 1 


1 1 





1 





1 w 


2 


u 


X 


u 


X 


X 


X 




1 1 


1 





1 


reg 




mem, CL 


temp <- CL, while temp * 0, 

repeat this operation, CY <- LSB of (mem), 

(mem) *- (mem) h- 2, temp «- temp- 1 


1 1 





1 





1 W 


2-4 


u 


X 


u 


X 


X 


X 




mod 


1 





1 


mem 




reg, imm8 


temp «- imm8, while temp * 0, 
repeat this operation, CY <- LSB of reg, 
reg «- reg -=- 2, temp «- temp - 1 


1 1 











W 


3 


u 


X 


u 


X 


X 


X 




1 1 


1 





1 


reg 





mem, imm8 temp «- imm8, while temp * 0, 

repeat this operation, CY «- LSBof (mem), 
(mem) «- (mem) -h 2, temp «- temp-1 



110 W 



3-5 



U X U X X X 



mod 1 1 



SHRA reg, 1 



CY «- LSB of reg, reg <- reg + 2, V <- 
MSB of operand does not change 



110 1 W 



u x x x x 



1111 



1 



reg 



mem, 1 



CY «- LSBof (mem), (mem) <- (mem) + 2, 
V «- 0, MSB of operand does not change 



1 1 1 W 



2-4 



u x x x x 



mod 1 1 



1 



mem 



reg, CL temp «- CL, while temp * 0, 

repeat this operation, CY «- LSBof reg, 
reg *- reg -*- 2, temp «- temp-1 
MSB of operand does not change 



1 10 1 1 W 



u x u x x x 



111 1 



reg 



mem.CL temp <- CL, while temp* 0, 

repeat this operation, CY <- LSBof (mem), 
(mem) <- (mem) -f- 2, temp «- temp-1 
MSB of operand does not change 



110 1 1 W 



2-4 



u x u x x x 



mod 1 1 



1 



reg, imm8 temp <- imm8, whiletemp * 0, 

repeat this operation, CY «- LSBof reg, 
reg «- reg -^ 2, temp +- temp - 1 
MSB of operand does not change 



1 W 



u x u x x x 



11 11 1 



reg 



mem, imm8 temp *- imm8, while temp* 0, 

repeat this operation, CY <- LSBof (mem), 
(mem) <- (mem) + 2, temp <- temp-1 
MSB of operand does not change 



1100 000W 3-5 u xuxxx 



mod 1 1 1 mem 



Rotation 



ROL reg, 1 



CY «- MSB of reg, reg *- reg x 2 + CY 
MSBofreg*CY:V<-1 
MSBofreg = CY:V«-0 



110 1 W 



110 



reg 



mem, 1 CY «- MSB of (mem), 

(mem) <- (mem)x2 + CY 
MSBof(mem)*CY:V<-1 
MSBof(mem) = CY:V<-0 



110 1 W 2-4 
mod mem 
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ROR 



reg,1 



Instruction Set (cont) 


Mnemonic Operand 


Operation 7 6 


Operation Code 
5 4 3 2 


1 


Bytes 


AC CY 


Flags 
V P S Z 


Rotation (cont) 


ROL reg, CL 


temp «- CL, while temp * 0, 11 





1 








1 w 


2 


x 


u 






repeatthisoperation, CY «- MSBofreg, 1 
reg <- reg x 2 + CY, 
temp «- temp-1 













reg 




mem.CL 


temp +- CL, while temp * 0, 11 





1 








1 W 


2-4 


x 


u 






repeatthis operation, CY *- MSBof (mem), 
(mem) <- (mem)x2 + CY, 
temp <- temp-1 













mem 




reg, imm8 


temp «- imm8, while temp ^0, 11 














W 


3 


x 


u 






repeat this operation, UY 4- MSBofreg, 1 
reg <- reg x 2 + CY, 
temp <- temp-1 













reg 




mem,imm8 


temp <- imm8, while temp * 0, 11 














W 


3-5 


X 


u 






repeatthis operation, cjy <- MSB ot (mem), 
(mem) «- (mem) x 2 + CY, 
temp <- temp-1 













mem 





CY «- LSB of reg, reg «- reg -h 2, 

MSBofreg <-CY 

MSB of reg * bit following 

MSB of reg: V <- 1 

MSBofreg = bit following 

MSBofreg:V<-0 



110 1 



W 



110 



reg 



mem, 1 



mod 



CY<- LSB of (mem), (mem) «- (mem)^-2, 1 1 

MSB of (mem) «- CY, 

MSB of (mem) * bit following 

MSB of (mem) :V <- 1 

MSBof (mem) = bit following 

MSB of (mem): V *- 



1 



W 



2-4 



reg, CL 


temp *- CL, while temp * 0, 
repeat this operation, CY «- LSB of reg, 
reg <- reg 4- 2, MSBofreg <- CY, 
temp*- temp-1 


1 1 





1 








1 w 


2 


X 


u 




1 1 








1 




reg 




mem, CL 


temp *- CL, while temp * 0, 
repeatthis operation, CY «- LSBof (mem), 
(mem) «- (mem) -=- 2, MSBof (mem) <- CY, 
temp «- temp-1 


1 1 





1 








1 W 


2-4 


X 


u 




mod 








1 




mem 




reg, imm8 


temp *- imm8, while temp * 0, 
repeatthisoperation, CY <- LSBof reg, 
reg •«- reg -?- 2, MSBof reg <- CY, 
temp *- temp-1 


1 1 














W 


3 


X 


u 




1 1 








1 




reg 




mem, imm8 


temp 4- imm8, while temp * 0, 
repeatthisoperation, CY *■ LSBof (mem), 
(mem) *- (mem) ^ 2, 
temp 4- temp-1 


1 1 














W 


3-5 


X 


u 




mod 








1 




mem 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Rotate 



ROLC reg, 1 



tmpcy «- CY, CY ♦- MSB of reg, 
reg +- regx2 + tmpcy 
MSBofreg = CY:V<-0 
MSBofreg*CY:V<-1 



1 1 



W 2 



1 1 



reg 



mem, 1 tmpcy •«- CY, CY «- MSB of (mem), 

(mem) 4- (mem) x2 + tmpcy 
MSBof(mem) = CY:V<-0 
MSBof(mem)*CY:V<-1 



W 2-4 



mod 



mem 



reg, CL 



temp <- CL, while temp * 0, 
repeatthis operation, tmpcy «- CY, 
CY ■*- MSB of reg, reg «- reg x 2 + tmpcy, 
temp <- temp- 1 



1 1 



1 W 



1 1 



reg 



mem, CL temp <- CL, while temp * 0, 

repeatthis operation, tmpcy «- CY, 
CY <- MSB of (mem), 
(mem) «- (mem) x 2 + tmpcy, 
temp <- temp-1 



1 1 



1 



1 W 2-4 



mod 1 mem 



reg, imm8 temp «- imm8, while temp *■ 0, 

repeat this operation , tmpcy <- CY, 

CY «- MSB of reg, reg «- reg x 2 + tmpcy, 

temp «- temp-1 



110 W 3 



1 1 



reg 



mem, imm8 temp «- imm8, while temp * 0, 

repeat this operation, tmpcy «- CY, 
CY'*- MSB of (mem), 
(mem) <- (mem) x 2 + tmpcy 
temp «- temp-1 



110 W 3-5 



mod 



mem 



tmpcy <- CY, CY <- LSB of reg, 

reg «- reg +■ 2, MSB of reg «- tmpcy, 

MSB of reg * bit following 

MSBofreg:V+-1 

MSB of reg = bit following 

MSBofreg:V<-0 



RORC reg, 1 



1 1 



W 2 



1 1 



1 reg 



mem, 1 tmpcy <- CY, CY «- LSB of (mem), 

(mem) «- (mem) +■ 2, 
MSB of (mem) ♦- tmpcy, 
MSB of (mem) * bit following MSB 
of (mem): V «- 1 

MSB of (mem) = bit following MSB 
of(mem):V<-0 



1 1 



W 2-4 



mod 



1 mem 



reg, CL temp «- CL, while temp * 0, 

repeat this operation, tmpcy <- CY, 
CY <- LSB of reg, reg «- reg + 2, 
MSB of reg <- tmpcy, temp ♦- temp-1 



110 1 



1 W 2 



1 1 



1 reg 



mem, CL temp <- CL, while temp * 0, 

repeatthis operation, tmpcy <- CY, 

CY «- LSB of (mem), (mem) «- (mem) -h 2, 

MSB of (mem) *- tmpcy, temp +■ temp-1 



1 1 



1 W 2-4 



mod 



1 mem 



reg, imm8 temp «- imm8, while temp *■ 0, 

repeat this operation, tmpcy <- CY, 
CY *- LSB of reg, reg <- reg -h 2, 
MSB of reg <- tmpcy, temp «- temp - 1 



110 W 



110 1 



1 reg 



mem, imm8 temp •«- imm8, while temp * 0, 

repeatthis operation, tmpcy «- CY, 

CY «- LSB of (mem), (mem) <- (mem) -s- 2, 

MSB of (mem) <- tmpcy, temp *- temp-1 



110 W 3-5 



mod 1 



1 mem 
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Instruction Set (cont) 



Mnemonic Operand 


Operation 


7 


6 


Operation Code 
5 4 3 2 


1 





Flags 
Bytes AC CY V P S Z 


Subroutine Control Transfer 


CALL near-proc 


(SP-1,SP-2)<-PC,SP*-SP-2, 
PC <- PC + disp 


1 


1 


1 





1 











3 


regptr16 


(SP-1, SP-2) <- PC.SP «- SP-2, 
PC <- regptr16 


1 


1 


1 


1 


1 


1 


1 


1 


2 




1 


1 





1 







reg 






memptr16 


(SP-1, SP-2) «- PC.SP <- SP-2, 
PC <- (memptr16) 


1 


1 


1 


1 


1 


1 


1 


1 


2-4 




mod 





1 







mem 






far-proc 


(SP-1,SP-2)<-PS, 
(SP-3,SP-4)<-PC, 
SP <- SP-4, PS «- seg, PC <- offset 


1 








1 


1 





1 





5 


memptr32 


(SP-1,SP-2)<-PS, 

(SP-3,SP-4)<-PC, 

SP <- SP-4, PS <- (memptr32 + 2), 

PC <- (memptr32) 


1 


1 


1 


1 


1 


1 


1 


1 


2-4 




mod 





1 


1 




mem 






RET 


PC *- (SP + 1 , SP), SP 4- SP + 2 


1 


1 














1 


1 


1 


pop-value 


PC«-(SP+1,SP), 

SP <- SP + 2, SP <- SP + pop-value 


1 


1 














1 





3 




PC •«- (SP + 1 , SP), PS <- (SP + 3, SP + 2), 
SP <- SP + 4 


1 


1 








1 





1 


1 


1 


pop-value 


PC <- (SP + 1 , SP), PS <- (SP + 3, SP + 2), 
SP <- SP + 4, SP <- SP + pop-value 


1 


1 








1 





1 





3 


Stack Manipulation 


PUSH mem16 


(SP-1,SP-2)<-(mem16), 
SP<-SP-2 


1 


1 


1 


1 


1 


1 


1 


1 


2-4 




mod 


1 


1 







mem 






reg16 


(SP-1 , SP-2) «- reg16, SP <- SP-2 





1 





1 







reg 




1 


sreg 


(SP-1 , SP-2) <- sreg, SP «- SP-2 











sreg 


1 


1 





1 


PSW 


(SP-1, SP-2) 4- PSW.SP «- SP-2 


1 








1 


1 


1 








1 


R 


Push registers on the stack 





1 


1 

















1 


imm 


(SP-1,SP-2)<-imm, 

SP <- SP - 2, When S = 1 , sign extension 





1 


1 





1 





S 





2-3 


POP mem16 


(mem16) +- (SP + 1 , SP), SP <- SP + 2 


1 











1 


1 


1 


1 


2-4 




mod 













mem 






reg16 


reg16 <- (SP + 1 , SP), SP <- SP + 2 





1 





1 


1 




reg 




1 


sreg 


sreg <- (SP + 1,SP),sreg:SS,DS0,DS1 
SP<-SP + 2 











sreg 


1 


1 


1 


1 


PSW 


PSW <- (SP + 1 , SP), SP 4- SP + 2 


1 








1 


1 


1 





1 


1 R R R R R R 


R 


Pop registers from the stack 





1 


1 














1 


1 


PREPARE imm16, imm8 


Prepare new stack frame 


1 


1 








1 











4 


DISPOSE 


Dispose of stack frame 


1 


1 








1 








1 


1 



E 
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NEC 



Instruction Set (cont) 



Mnemonic Operand 


Operation 


7 


6 


Operation Code 
5 4 3 2 


1 


Flags 
Bytes AC CY V P S Z 


Branch 


BR 


near- label 


PC <- PC + disp 


1 


1 


1 


1 





1 


3 








short-label 


PC <- PC + ext-disp8 


1 


1 


1 


1 





1 1 


2 








regptr16 


PC <- regptr16 


1 


1 


1 1 


1 


1 


1 1 


2 








1 


1 


1 







reg 






memptr16 


PC <- (memptr16) 


1 


1 


1 1 


1 


1 


1 1 


2-4 








mod 


1 







mem 






far- label 


PS ♦- seg, PC <- offset 


1 


1 


1 


1 





1 


5 








memptr32 


PS «- (memptr32 + 2), 
PC <- (memptr32) 


1 


1 


1 1 


1 


1 


1 1 


2-4 








mod 


1 


1 




mem 




Conditional Branch 


BV 


short-label 


if V = 1 , PC <- PC + ext-disp8 





1 


1 1 











2 






BNV 


short-label 


. if V = 0, PC «- PC + ext-disp8 





1 


1 1 








1 


2 






BC.BL 


short-label 


if CY = 1 , PC <- PC + ext-disp8 





1 


1 1 








1 


2 






BNC.BNL 


short-label 


if CY = 0, PC «- PC + ext-disp8 





1 


1 1 








1 1 


2 






BE,BZ 


short-label 


if Z = 1 , PC <- PC + ext-disp8 





1 


1 1 





1 





2 






BNE, BNZ 


short-label 


if Z = 0, PC <- PC + ext-disp8 





1 


1 1 





1 


1 


2 






BNH 


short-label 


if CY OR Z = 1 , PC «- PC + ext-disp8 





1 


1 1 





1 


1 


2 






BH 


short-label 


if CY OR Z = 0, PC «- PC + ext-disp8 





1 


1 1 





1 


1 1 


2 






BN 


short-label 


if S = 1 , PC <- PC + ext-disp8 





1 


1 1 










2 






BP 


short-label 


if S = 0, PC <- PC + ext-disp8 





1 


1 1 







1 


2 






BPE 


short-label 


if P = 1 , PC <- PC + ext-disp8 





1 


1 1 







1 


2 






BPO 


short-label 


if P = 0, PC <- PC + ext-disp8 





1 


1 1 







1 1 


2 






BLT 


short-label 


if S XOR V = 1 , PC •«- PC + ext-disp8 





1 


1 1 




1 





2 






BGE 


short-label 


if S XOR V = 0, PC «- PC + ext-disp8 





1 


1 1 




1 


1 


2 






BLE 


short-label 


if (S XOR V) OR Z = 1 , PC <- PC + ext-disp8 





1 


1 1 




1 


1 


2 






BGT 


short-label 


if (S XOR V) OR Z = 0, PC <- PC + ext-disp8 





1 


1 1 




1 


1 1 


2 






DBNZNE 


short-label 


CW*-CW-1 

if Z = and CW * 0, PC <- PC + ext-disp8 




1 


1 











2 






DBNZE 


short- label 


CW4-CW-1 

if Z = 1 and CW * 0, PC <- PC + ext-disp8 




1 


1 








1 


2 






DBNZ 


short- label 


CW<-CW-1 

if CW * 0, PC'<- PC + ext-disp8 




1 


1 








1 


2 






BCWZ 


short- label 


if CW = 0, PC <- PC + ext-disp8 




1 


1 








1 1 


2 






BTCLR 


sfr, imm3, 
short-label 


if bit no. imm3 of (sfr) = 1 , 
PC<- PC + ext-disp8, 
bit no. imm3or(sfr) «- 











1 


1 


1 1 


5 













1 


1 


1 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Interrupt 



BRK 



imm8 
(*3) 



(SP-1,SP-2) <-PSW, 

(SP-3,SP-4)<-PS, 

(SP-5, SP-6) ♦- PC, SP «- SP-6, 

IE<-0,BRK<-0, 

PS <- (15, 14), PC «- (13, 12) 



110 



110 



(SP-1.SP-2) +-PSW, 

(SP-3,SP-4)<-PS, 

(SP-5, SP-6) <- PC, SP <- SP-6, 

IE<-0,BRK<-0, 

PC <- (nx4+ 1,nx4), 

PS <- (n x 4 + 3, n x 4 + 2) n = imm8 



1 1 



1 1 



BRKV 



WhenV=1 

(SP-1.SP-2) <-PSW, 

(SP-3,SP-4)<-PS, 

(SP-5, SP-6) <- PC, SP «- SP-6, 

IE <- 0, BRK <- 0, 

PS <- (19, 18), PC «- (17, 16) 



110 



1 1 1 



RETI 



CHKIND reg16, 
mem32 



PC <- (SP + 1 , SP), 
PS <- (SP + 3, SP + 2), 
PSW<-(SP + 5,SP + 4), 
SP <- SP + 6 



110 



1111 



R R R R 



RETRBI 


PC <- Save PC, PSW <- Save PSW 




1 







1 


1 1 1 



1 

1 


2 


R 


R 


R 


R 


R 


R 


FINT 


Indicates that interrupt service routine 
to the interrupt controller built in the 
CPU has been completed 




1 








1 


1 1 1 
1 


1 



2 















When (mem32) > reg16or 

(mem32 + 2)<reg16 

(SP-1,SP-2)<-PSW, 

(SP-3,SP-4)*-PS, 

(SP-5, SP-6) «- PC, SP <- SP-6, 

IE <- 0, BRK <- 0, 

PS <- (23, 22), PC <- (21, 20) 



1 1 



10 



2-4 



mod 



reg 



CPU Control 



HALT 



CPU Halt 



1111 



1 



STOP 



CPU Halt 







1111 










1 


1 


1 


1 


1 







BUSLOCK 


Bus Lock Prefix 


1 


1 


1 














1 


FP01 fp-op 


No Operation 


1 





1 


1 


X 


X 


X 


2 


(Notel) 


1 


Y 


Y 


Y 


z 


z 


z 




fp-op, mem 


data bus <- (mem) 


1 





1 


1 


X 


X 


X 


2-4 









mod 


Y 


Y 


Y 


mem 




FP02 


fp-op 


No Operation 


1 


1 








1 1 X 


2 


(Notel) 


1 1 


Y 


Y 


Y 


Z Z Z 






fp-op, mem 


data bus «- (mem) 


1 


1 








1 1 X 


2-4 




mod 


Y 


Y 


Y 


mem 





Notes: 

(1 ) Does not execute but does generate an interrupt. 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


7 


6 


Operation Code 
5 4 3 2 


1 





Bytes 


AC 


Flags 
CY V P S Z 


CPU Control (cont) 


POLL 


Poll and Wait 


1 








1 


1 





1 


1 








NOP 


No Operation 


1 








1 




















Dl 


IE •*- 


1 


1 


1 


1 


1 





1 











El 


IE<-1 


1 


1 


1 


1 


1 





1 


1 








DS0;DS1; 
PS;SS 


Segment Override Prefix 








1 


sreg 


1 


1 











Register Bank Switching 


MOVSPA 














1 






1 



1 
1 


1 




1 
1 


2 






BRKCS reg16 














1 






1 
1 


1 
1 


1 




1 
1 


3 






MOVSPB reg16 
















1 


1 


1 


1 


3 








1 








1 





1 





1 






1 


1 


1 


1 


1 




reg 






TSKSW reg16 
















1 


1 


1 


1 


3 


X 


X X X X X 




1 








1 





1 












1 


1 


1 


1 


1 




reg 
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JIPD70335 (V35 Plus) 

16-Bit Microcomputer: 

Advanced, High-Speed DMA 

Single-Chip, CMOS 



Description 

The A/PD70335 (V35 Plus) is a high-performance, 16-bit 
single-chip microcomputer with a 16-bit external data 
bus. The ^PD70335 is fully software compatible with 
the^PD70108/116 (V20®/V30®) as well asthepPD70320/ 
330 (V25™/V35™). The V35 Plus demonstrates numer- 
ous enhancements over its predecessor, the standard 
V35; however, it maintains pin compatibility and DRAM- 
direct bus interface with its predecessor, the V35. 

The V35 Plus offers improved DMA transfer rates (over 
5M bytes per second), additional serial channel status 
flags, improved memory access timing, and enhanced 
software control of register bank context switching. 

The juPD70335 has the same complement of internal 
peripherals as the V35 and maintains compatibility 
with existing drivers; however, some modification of 
the DMA drivers may be necessary. The^PD70335 does 
not offer on-chip ROM or EPROM. 

Features 

a 16-bit CPU and internal data paths 

° 16-bit non-multiplexed external data path 

P Direct RAS/CAS DRAM interface 

° Functional and pin compatibility with the V35 

a Software compatible with /iPD8086 

n New and enhanced V-Series instructions 

a Minimum instruction cycle 200 ns (at 10 MHz) 

° 6-byte prefetch queue 

a Two-channel high-speed DMA controller 

a Internal 256 bytes RAM memory 

e One 1 M-byte memory address space 

° Eight internal memory-mapped register banks 



a Four multifunction I/O ports 

— 8-bit analog comparator port 

— 20 bidirectional port lines 

— 4 input-only port lines 

n Two independent full-duplex serial channels 

a Priority interrupt controller 

— Standard vectored service 

— Register bank switching 

— Macroservice 

n Pseudo-SRAM and DRAM refresh controller 

n Two 16-bit timers 

n On-chip time base counter 

a Programmable wait state generator 

n Two standby modes: STOP and HALT 



Ordering Information 






Part Number 


Clock (MHz) 


Package 


A/PD70335L-8 




8 


84-pin PLCC 


L-10 




10 




GJ-8 




8 


94-pin plastic QFP 


GJ-10 




10 





V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 
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Pin Configurations 
84-Pin PLCC 
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A C 
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Notes: 






(1) Pin functions are identical to nPD70330. 






(2) IC pins should be tied together and pulled up to V DD with a 
1 0- to 20-kIi resistor. 






(3) EA must be tied low because uPD70335 does not support internal 
ROM or E PROM. 






(4) Pin 9 should be tied to GND through a pull-down resistor. 
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94-Pin Plastic QFP 
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(1 ) Pin functions are identical to H.PD70330. 

(2) IC pins should be tied together and pulled up to V do witn a 
10- to 20-kii resistor. 

(3) EA must be tied low because nPD70335 does not support internal 
ROM or EPROM. 

(4) Pin 69 should be tied to GND through a pull-down resistor. 
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Pin Identification 



Symbol 


Function 


A0-A19 


Address bus outputs 


CLKOUT 


System clock output 


CTSO 


Clear-to-send input, serial channel 


CUT 


Clear-to-send input, serial channel 1 


D0-D15 


Bidirectional data bus 


DMAAKO 


DMA acknowledge output, DMA controller channel 


DMAAK1 


DMA acknowledge output, DMA controller channel 1 


DMARQO 


DMA request input, DMA controller channel 


DMARQ1 


DMA request input, DMA controller channel 1 


EA 


External memory access; fixed low for V35 Plus 


HLDAK 


Hold acknowledge output 


HLDRQ 


Hold request input 


INT 


Interrupt request input 


INTAK 


Interrupt acknowledge output 


INTPO 


Interrupt request input 


INTP1 


Interrupt request 1 input 






INTP2 


Interrupt request 2 input 


IOSTB 


I/O read or write strobe output 


MREQ 


Memory request output 


MSTB 


Memory strobe output 


NMI 


Nonmaskable interrupt request 


PO0-PO7 


I/O port 


P10-P17 


I/O port 1 


P2 -P2 7 


I/O port 2 


POLL 


Input on POLL synchronizes the CPU and external 
devices 


PT0-PT7 


Comparator port input lines 


READY 


Ready signal input controls insertion of wait states 


REFRQ 


DRAM refresh request output 


RESET 


Reset signal input 


R/W 


Read/write strobe output 


RxDO 


Receive data input, serial channel 


RxD1 


Receive data input, serial channel 1 


scko 


Serial clock output 


Tco 


Terminal count output; DMA completion, channel 


TcT 


Terminal count output; DMA completion, channel 1 


TOUT 


Timer output 


TxDO 


Transmit data output, serial channel 


TxD1 


Transmit data output, serial channel 1 


UBE 


Upper byte enable 


X1,X2 


Connections to external frequency control source 
(crystal, ceramic resonator, or clock) 



Symbol 



Function 



V D D 



+5-volt power source input (two pins) 



Vth 



Threshold voltage input to comparator circuits 



GND 



Ground reference (two pins) 



IC Internal connection; must be tied to Vrjp externally 

through a pullup resistor 

PIN FUNCTIONS 

Ao-A-19 (Address Bus) 

To support dynamic RAM s, the 2 0-bit address is multi- 
plexed on 1 1 lines . W hen MR EQ is asserted, A 9 -A 17 are 
valid. When MSTB or IOSTB is assert ed, A V A& and A 18 
are val id. A 18 is also multiplexed with UBE and is valid 
when MREQ is asserted. Therefore A 18 is active 
throughout the bus cycle. A19 and Ao are not multi- 
plexed but have dedicated pins and are valid through- 
out the bus cycle. 

CLKOUT (Clock Out) 

The system clock (SCLK) is distributed from the inter- 
nal clock generator to the CPU and output to peripheral 
hardware at the CLKOUT pin. 



CTSO (Clear-to-Send 0) 

This is the CTS pin of the channel seri al inte rface. In 
asynchronous mode, a low-level input on C TSO en ables 
transmit operation. In I/O interface mode, CTSO is the 
receive clock pin. 



CTS1 (Clear-to-Send 1) 

This is the CTS pin of the channel 1 seri al inte rface. In 
asynchronous mode, a low-level input on CTS1 enables 
transmit operation. 

D0-D15 (Data Bus) 

D0-D15 is the 16-bit non-multiplexed data bus. 



DMAAKO and DMAAK1 (DMA Acknowledge) 

These are the DMA acknowledge outputs of the DMA 
controller, channels and 1. Signals are not output 
during DMA memory-to-memory transfer operations 
(burst mode, single-step mode). 



DMARQO and DMARQ1 (DMA Request) 

These are the DMA request inputs of the DMA control- 
ler, channels and 1. 
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EA (External Access) 

This pin must be externally fixed low. Since the 
/iPD70335 has no internal ROM, this will force execu- 
tion of program code from external memory. 



H LDAK (Hold Acknowledge) 



The HLDAK output signal indicates that th e hold re- 
quest (HLDRQ) has been accepted. When HLDAK is 
active (low), the following lin es go to the high - 
impeda nce state: Ao-A 19 , D -D 15 , IOSTB, MREQ, MSTB, 
REFRQ, and'R/W 

HLDRQ (Hold Request) 

The HLDRQ input from an external device requests that 
the//PD70335 relinquish the address, data, and control 
buses to an external bus master. 

INT (Interrupt) 

The INT input is a vectored interrupt request from an 
external device that can be masked by software. The 
active high level is detected in the last clock cycle of an 
instruction. The external device confirms that t he INT 
interrupt request has been accepted by the INTAK 
signal output from the CPU. 



The INT signal must be held hi gh until the first INTAK 
signal is output. INT and INTAK are used for operation 
with an interrupt controller such as /L/PD71059. 



INTAK (Interrupt Acknowledge) 



The INTAK output is the acknowledge signal f or the 
software-maskable interrupt request INT. The INTAK 
signal goes low when the CPU accepts INT The external 
device inputs the interrupt vector t o the C PU via data 
bus D0-D15 in synchronization with INTAK. 



INTPO, INTP1, INTP2 (Interrupt from Peripheral 0, 
1,2) 



INTPn inputs (n = 0, 1, 2) are external interr upt re- 
quests that can be masked by software. The INTPn 
input is detected at the effective edge specified by 
external interrupt mode register INTM. 



The INTPn inputs can be used to release the HALT 
mode. 



IOSTB (I/O Strobe) 



A low-level output on IOSTB indicates that the I/O bus 
cycle has been initiated and that the I/O address output 
on Ao-A 15 is valid. 



MREQ (Memory Request) 



A low-level output on MREQ indicates that the memory 
or I/O bus cycle has started and that address bits Ao, 
A9-A17, A-is and A-\ Q are valid. 



MSTB (Memory Strobe) 



Together with MREQ a nd R/W , MSTB controls memory- 
accessing operations. MSTB should be used either to 
enable data buffers or as a d ata stro be. During memory 
write, a low-level output on MSTB indicates that data 
on the data bus is valid and that multiplexed address 
bits ArAs, Ai 8 and UBE are valid. 

NMI (Nonmaskable Interrupt) 

The NMI input is an interrupt request that cannot be 
masked by software. The NMI is always accepted by the 
CPU; therefore, it has priority over any other interrupt. 

The NMI input is detected at the effective edge speci- 
fied by external interrupt mode register INTM. Sampled 
in each clock cycle, NMI is accepted when the active 
level lasts for several clock cycles. When NMI is ac- 
cepted, a number 2 vector interrupt is generated after 
completion of the instruction currently being exe- 
cuted. 

The NMI input is also used to release the CPU standby 
mode. 

PO0-PO7 (Port 0) 

Port is an 8-bit bidirectional I/O port. 

PI0-PI7 (Port 1) 

Lines PI4-PI7 are individually programmable as an 
input, output, or control function. The PI0-PI3 status 
can be read but the lines are always control functions. 

P2 -P2 7 (Port 2) 

P2 -P2 7 are the lines of port 2, an 8-bit bidirectional I/O 
port. These lines can also be used as control signals for 
the on-chip DMA controllers. 



POLL (Poll) 



The POLL input is checked by the POLL instruction. If 
the level is low, execution of t he ne xt instruction is 
initiated. If the level is high, the POLL input is checked 
every five clock cycles until the level becomes low. The 
POLL functions are used to synchronize the CPU pro- 
gram and the operation of external devices. 



Note: POLL iseffectivew hen P1 4 is specified forthe input 
port mode; otherwise, POLL is assumed to be at low 
level when the POLL instruction is executed. 
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PT0-PT7 (Port with Comparator) 

The threshold port (PT) comprises 8 independent in- 
puts, each of which is compared with a threshold 
voltage programmable to one of 16 voltage steps. 

READY (Ready) 

After READY is de-asserted low, the CPU will synchro- 
nize and insert wait states into a read or write cycle to 
memory or I/O. This allows the processor to accommo- 
date devices whose access times are longer than nor- 
mal execution allows. Use of the READY pin is con- 
trolled by the WTC register. 



RE FRQ (Refresh Request) 

This output pulse can refresh nonstatic RAM. It can be 
programmed to meet system specifications and is 
internally synchronized so that refre sh cycle s do not 
interfere with normal CPU operation. REFRQ also sig- 
nals that Aq-As contain a valid row address. 



RESET (Reset) 



This input signal is asynchronous. A low on RESET for 
the specified duration resets the CPU and all on-chip 
peripherals regardless of clock operation. The reset 
operation has priority over all other operations. 

The reset signal is used for normal initialization/startup 
and also for releasing the STOP or HALT mode. After the 
reset signal returns high, program execution begins 
from address FFFFOH. 

R/W (Read/Write Strobe) 

When an external bus cycle is initiated, the R/W signal 
output to external hardware indicates a read (high- 
level) or write (low-level) cycle. It can also control the 
direction of bidirectional buffers. 

RxDO, RxDi (Receive Data 0, 1) 

These pins input data to serial channels and 1. 

In the asynchronous mode, when receive operation is 
enabled, a low level on the RxDO or RxD1 input pin is 
recognized as the start bit and receive operation is 
initiated. 

In the I/O interface mode (channel only), receive data 
is input to the serial register at the rising edge of the 
receive clock. 



TCO, TC1 (Terminal Count 0, 1) 

The TCO and TC1 outputs go low when the terminal 
count of DMA service channels and 1, respectively, 
reach zero, indicating DMA completion. 

TOUT (Timer Output) 

The TOUT signal is a square-wave output from the 
internal timer unit zero. 

TxDO, TxD1 (Transmit Data 0, 1) 

These pins output data from serial channels and 1. 

In the asynchronous mode, the transmit signal is in a 
frame format that consists of a start bit, 7 or 8 data bits 
(least significant bit first), parity bit, and stop bit. The 
TxDO and TxD1 pins become mark state (high level) 
when transmit operation is disabled or when the serial 
transmitter is idle. 

In I/O interface mode (channel only), the frame has 8 
data bits and the most significant bit is sent first 

UBE (Upper Byte Enable) 

UBE is a hi gh-order memory bank selection signal 
output. UBE and Ao determine which bytes of the data 
bus will be used. UBE is used with Ao to select the 
even/odd banks as follows. 



Operand 


UBE 


Ao 


Number of Bus Cycles 


Even address word 








1 


Odd address word 





1 


2 




1 







Even address byte 


1 





1 


Odd address byte 





1 


1 



SCKO (Serial Clock) 



SCKO output is the transmit clock of serial channel 0. 



X1,X2 (Clock Control) 

The internal clock generator is controlled by an exter- 
nal crystal or ceramic resonator connected across pins 
X1 and X2. The crystal frequency is the same as the 
clock generator frequency fosc- By programming the 
PRC register, the system clock frequency fscLK is se- 
lected as fosc divided by 2, 4, or 8. 

As an alternative to the crystal or ceramic resonator, 
the positive and negative phases of an external clock 
(with frequency fosc) can be connected to pins X1 and 
X2. 

Vqd (Power Supply) 

+5-volt power source (two pins). 
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Vth (Threshold Voltage) 

Comparator port PT0-PT7 uses threshold voltage Vjh 
to determine the analog reference points. The actual 
threshold each comparator input is tested against is 
programmable to V TH x n/16 where n = 1 to 16. 



GND (Ground) 

Ground reference (multiple pins). 

IC (Internal Connection) 

Internal connection; must be tied to Vqd externally 
through a 10-kQto 20-kQ resistor. 



/tPD70335 Block Diagram 
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(1) The HPD70335 (V35 Plus) is not a masked ROM product. 
Internal ROM is reserved and not accessible. 

(2) Shaded blocks are modified from the standard V35. 
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FUNCTIONAL DESCRIPTION 

Architectural Enhancements 

The following features enable the/jPD70335to perform 
high-speed execution of instructions. 

• Dual data bus 

• 16-/32-bit temporary registers/shifters (TA, TB, TA + 
TB) 

• 16-bit loop counter (LC) 

• Program counter (PC) and prefetch pointer (PFP) 

• Internal ROM pass bus 

Dual Data Bus. The jl/PD70335 has two internal 16-bit 
data buses: the main data bus and a subdata bus. This 
reduces the processing time required for addition/ 
subtraction and logical comparison instructions by 
one-third over single-bus systems. The dual data bus 
method allows two operands to be fetched simulta- 
neously from general-purpose registers and trans- 
ferred to the ALU. 

16-/32-Bit Temporary Registers/Shifters. The 16-bit 
temporary registers/shifters (TA, TB) allow high-speed 
execution of multiplication/division and shift/rotation 
instructions. By using the temporary registers/ 
shifters.the /iPD70335 can execute multiplication/ 
division instructions about four times faster than with 
the microprogramming method. 

Loop Counter (LC). The dedicated hardware loop 
counter counts the number of loops for string opera- 
tions and the number of shifts performed for multiple 
bit shift/ rotation instructions. The loop counter works 
with internal dedicated shifters to speed the process- 
ing of multiplication/division instructions. 

Program Counter and Prefetch Pointer (PC and PFP). 

The hardware PC addresses the memory location of the 
instruction to be executed next. The hardware PFP 
addresses the program memory location to be ac- 
cessed next. Several clocks are saved for branch, call, 
return, and break instructions compared with proces- 
sors having only one instruction pointer. 

Register Set 

The)i/PD70335 CPU has a general-purpose register set 
compatible with the pPD70108/70116, the /iPD70320/ 
70322, and /JPD70330/70332 microprocessors. Like the 
/iPD70320/70322 and /iPD70330/70332, it also has a set 
of special function registers for controlling the on- 
board peripherals. All registers reside in the CPU's 



memory space. They are grouped in a 512-byte block 
called the internal data area (IDA). The 256-byte inter- 
nal RAM is also in the IDA. The addresses of the register 
are given as offsets into the IDA. The start address of 
the IDA is set by the Internal Data Area Base register 
(IDB), and may be programmed to any 4K boundary in 
the memory address space. 

Register Banks. Because the general-purpose register 
set is in internal RAM, it is possible to have multiple 
banks of registers. The/iPD70335 CPU supports up to 8 
register banks. A bit field in the PSW selects which bank 
is currently being used. Each bank contains the entire 
CPU register set plus additional information needed 
for context switching. Register banks may be switched 
using special instructions (TSKSW BRKCS, MOVSPA, 
MOVSPB), or may switch in response to an interrupt. 
This provides fast context switching and fast interrupt 
handling. During and after RESET, register bank 7 is 
selected. 

Figure 1 shows the configuration of a register bank and 
how the banks are mapped to internal RAM. The Vector 
PC field contains the value that will be loaded into the 
PC when a register bank Switch occurs. The PC Save 
and PSW Save fields contain the values of the PC and 
the PSW just before the banks are switched. The PSW is 
left unmodified after a bank switch; the PSW Save field 
is used to restore the PSW to its previous state upon 
termination of the context switch. 

General-Purpose Registers (AW, BW, CW, DW). These 
four 16-bit general-purpose registers can also serve as 
independent 8-bit registers (AH, AL, BH, BL, CH, CL, 
DH, DL). The instructions below use general-purpose 
registers for default: 

AW Word multiplication/division, word I/O, data 
conversion 

AL Byte multiplication/division, byte I/O, BCD 
rotation, data conversion, translation 

AH Byte multiplication/division 

BW Translation 

CW Loop control branch, repeat prefix 

CL Shift instructions, rotation instructions, BCD 
operations 

DW Word multiplication/division, indirect ad- 
dressing I/O 
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Figure 1. Register Bank Configuration 
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Pointers (SP, BP) and Index Registers (IX, IY). These 
registers are used as 16-bit base pointers or index 
registers in based addressing, indexed addressing, 
and based-indexed addressing. The registers are used 
as default registers under the following conditions: 

SP Stack operations 

IX Block transfer (source), BCD string operations 
IY Block transfer (destination), BCD string 
operations 

Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each 
segment register functions as a base address to a 
block; the effective address is an offset from that base. 
Physical addresses are generated by shifting the asso- 
ciated segment register left four binary digits and then 
adding the effective address. The segment registers 
are: 



Segment Register 
PS (Program segment) 
SS (Stack segment) 
DSO (Data segment-0) 
DS1 (Data segment-1) 



Default Offset 

PC 

SP, Effective address 

IX, Effective address 

IY Effective address 



During RESET PS issettoFFFFH; DSO, DS1 and SS are 
set to O00OH. 

Program Counter (PC). The PC is a 16-bit binary 
counter that contains the offset address from the 
program segment of the next instruction to be exe- 
cuted. It is incremented every time an instruction is 
received from the queue. It is loaded with a new location 
whenever a branch, call, return, break, or interrupt is 
executed. During RESET, PC is set to 0000H. 

Program Status Word (PSW). The PSW contains the 
following status and control flags. 
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Control Flags 



DIR Direction of string 
processing 

IE Interrupt enable 

BRK Break (after every 
instruction) 

RBn Current register 

bank flags 
BRKI I/O trap enable 

FO, F1 General-purpose 
user flags 

The eight low-order bits of the PSW can be stored in the 
AH register and restored by a MOV instruction. The 
only way to alter the RBn bits via software is to execute 
an RETRBI or RETI instruction. During RESET, PSW is 
set to F002H. The FO and F1 flags may be accessed as 
bits in the FLAG special-function register. Note that 
PSW bit 15 must always be written as a 1. 

Functional Comparison 

The/iPD70335 (V35 Plus) is built around the same core 
and contains the same peripherals as the /iPD70325 
(V25 Plus) as well as the jl/PD70330 (V35). The primary 
difference between the V35 and V25 is confined to the 
external bus interface and bus control logic. While V25 
and V25 Plus are designed with an 8-bit external 
interface, V35 and V35 Plus provide the full 16-bit 
external data path. 

The/uPD70335 provides a direct DRAM style bus inter- 
face. This interface is obtained by multiplexing the 20 
address lines in row/column fashion and also providing 
a non-multiplexed 16-bit external data bus. The result- 
ing nominal bus cycle is three CLOCKOUT states. 
During the first bus state, the address lines output the 
high 9 bits of the physical address: A 9 to A 17 . 

During the second bus state, the address lines output 
the low address bits: h-\ to As. Address lines Aq and A^ 
are not multiplexed and are valid during the entire bus 
cycle. The final address line (A18) is multiplexed with 
the Upper Byte Enable signal (UBE) and is valid as an 
address during bus state one. During 16-bit transfers to 



odd addresses (UBE = and Ao = 1), two bus cycles 
are performed; each cycle transfers eight bits. 

Typically, the MREQ signal is used to generate the 
DRAM RAS control signal, and the MSTB signal is used 
to generate the CAS signal. Like the V35, the V35 Plus 
provides a refresh output from the internal refresh 
control unit, which is typically gated into the DRAM 
RAS signal. 

As a result of this memory access scheme, the clock 
cycle counts for instruction execution on the V35 Plus 
are different from the V25 Plus. 

Another V35 Plus difference is the operation of the 
READY input pin. This pin is sampled in the middle of 
the second bus cycle (BAW1) on the V25 Plus, whereas 
the V35 samples one clock period later in the middle of 
BAW2. 

Other than these bus controller differences, the V35 
Plus is identical to the V25 Plus in its operation. All 
internal peripherals are programmed and operate in 
the same manner as those of the V25 Plus. The instruc- 
tion sets of the two processors are identical, and 
internally both processors operate on 16-bit data 
paths. 

INSTRUCTIONS 

The/iPD70335 instruction set is fully upward compati- 
ble with the V20 native mode instruction set. The V20 
instruction set is a superset of the /JPD8086/8088 in- 
struction set with different execution times and mne- 
monics. 

The /L/PD70335 does not support the V20 8080 emula- 
tion mode. All of the instructions pertaining to this have 
been deleted from the /JPD70335 instruction set. 
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Enhanced Instructions 

In addition to the ^PD8086/88 instructions, the 
pPD70335 has the following enhanced instructions. 



Instruction 
PUSH imm 
PUSHR 

POPR 
MUL imm 

SHLimm8 
SHR imm8 
SHRA imm8 
ROL imm8 
ROR imm8 
ROLC imm8 
RORC imm8 
CHKIND 

INM 

OUTM 

PREPARE 

DISPOSE 



Function 

Pushes immediate data onto stack 

Pushes eight general registers onto 

stack 

Pops eight general registers from 

stack 

Executes 16-bit multiply of register 
or memory contents by immediate 
data 

Shifts/rotates register or memory by 
immediate value 



Checks array index against 
designated boundaries 

Moves a string from an I/O port to 
memory 

Moves a string from memory to an 
I/O port 

Allocates an area for a stack frame 
and copies previous frame pointers 
Frees the current stack frame on a 
procedure exit 



Unique Instructions 

The/iPD70335 has the following unique instructions. 



Instruction 


Function 


INS 


Inserts bit field 


EXT 


Extracts bit field 


ADD4S 


Performs packed BCD string addition 


SUB4S 


Performs packed BCD string subtraction 


CMP4S 


Performs packed BCD string 




comparison 


ROL4 


Rotates BCD digit left 



ROR4 


Rotates BCD digit right 


TEST1 


Tests bit 


SET1 


Sets bit 


CLR1 


Clears bit 


NOT1 


Complements bit 


REPC 


Repeat while carry set 


REPNC 


Repeat while carry cleared 



Variable Length Bit Field Operation Instructions 

Bit fields are a variable length data structure that can 
range in length from 1 to 16 bits. The /yPD70335 sup- 
ports two separate operations on bit fields: insertion 
(INS) and extraction (EXT). There are no restrictions on 
the position of the bit field in memory. Separate seg- 
ment, byte offset, and bit offset registers are used for 
insertion and extraction. Following the execution of 
these instructions, both the byte offset and bit offset 
are left pointing to the start of the next bit field, ready 
for the next operation. Bit field operation instructions 
are powerful and flexible and are therefore highly 
effective for graphics, high-level languages, and 
packing/unpacking applications. 

Bitfield insertion copies the bitfield of specified length 
from the AW register to the bit field addressed by 
DS1:IY:reg8 (8-bit general-purpose register). The bit 
field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
the IY and reg8 are updated to point to the start of the 
next bit field. 

Bit field extraction copies the bit field of specified 
length from the bit field addressed by DS0:IX:reg8 to the 
AW register. If the length of the bit field is less than 16 
bits, the bit field is right justified with a zero fill. The bit 
field length can be located in any byte register or 
supplied as immediate data. Following execution, both 
IX and reg8 are updated to point to the start of the next 
bit field. 

Figures 2 and 3 show bit field insertion and bit field 
extraction. 

Packed BCD Instructions 

Packed BCD instructions process packed BCD data 
either as strings (ADD4S, SUB4S, CMP4S) or byte 
format operands (ROR4, ROL 4). Packed BCD strings 
may be 1 to 254 digits in length. The two BCD rotation 
instructions perform rotation of a single BCD digit in 
the lower half of the AL register through the register or 
the memory operand. 
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Figure 2. Bit Field Insertion 
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Figure 3. Bit Field Extraction 
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Bit Manipulation Instructions 

The/iPD70335 has five unique bit manipulation instruc- 
tions. The ability to test, set, clear, or complement a 
single bit in a register or memory operand increases 
code readability as well as performance over the logi- 
cal operations traditionally used to manipulate bit 
data. This feature further enhances control over on- 
chip peripherals. 

Additional Instructions 

Besides the V20 instruction set, the /UPD70335 has the 
following four additional instructions. 



Instruction 
BTCLR sfr. imm3 
short label 

STOP 

(no operand) 



Function 

Bit test and if true, clear and 

branch; otherwise, no operation 

Power down instruction, stops 
oscillator 



RETRBI Return from register bank context 

(no operand) switch interrupt 

FINT Finished interrupt. After comple- 

(no operand) tion of a hardware interrupt 

request, this instruction must be 
used to reset the current priority 
bit in the in-service priority 
register (ISPR). Do not use with 
NMI or INTR interrupt service 
routines. 

Repeat Prefixes 

Two new repeat prefixes (REPC, REPNC) allow condi- 
tional block transfer instructions to use the state of the 
CY flag as the termination condition. This allows ine- 
qualities to be used when working on ordered data, 
thus increasing performance when searching and sort- 
ing algorithms. 
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Bank Switch Instructions 

The V35 Plus has the following four instructions that 
allow the effective use of the register banks for soft- 
ware interrupts and multitasking. Also, see figures 7 
and 9. 

Instruction Function 
BRKCS Performs a high-speed software 

reg 16 interrupt with context switch to the 

register bank indicated by the lower 
3-bits of reg 16. This operation is 
identical to the interrupt operation 
shown in figure 9. 

TSKSW Performs a high-speed task switch to 

reg 16 the register bank indicated by the 

lower 3-bits of reg 16. The PC and 
PSW are saved in the old banks. PC 
and PSW save registers and the new 
PC and PSW values are retrieved from 
the new register bank's save areas. 
See figure 10. 
MOVSPA Transfers both the SS and SP of the 

old register bank to the new register 
bank after the bank has been 
switched by an interrupt or BRKCS 
instruction. 

MOVSPB Transfers the SS and the SP of the 

current register bank before the 
switch to the SS and SP of the new 
register bank indicated by the lower 
3-bits of reg 16. 

INTERRUPT STRUCTURE 

The //PD70335 can service interrupts generated both 
by hardware and by software. Software interrupts are 
serviced through vectored interrupt processing. See 
table 1 for the various types of software interrupts. 

Table 1. Software Interrupts 

Interrupt Description 

Divide error 



Table 1. Software Interrupts (cont) 



The CPU will trap if a divide error occurs as the 
result of a DIV or DIVU instruction. 

The interrupt is generated after every 
instruction if the BRK bit in the PSW is set. 

Overflow By using the BRKV instruction, an interrupt can 

be generated as the result of an overflow. 



Single step 



Interrupt 
instructions 



The BRK 3 and BRK imm8 instructions can 
generate interrupts. 



Interrupt 



Description 



Escape trap The CPU will trap on an FP01 , 2 instruction to 

allow software to emulate the floating point 
processor. 

I/O trap If the I/O trap bit in the PSW is cleared, a trap 

will be generated on every IN or OUT 
instruction. Software can then provide an 
updated peripheral address. This feature allows 
software interchangeability between different 
systems. 

When executing software written for another system, it 
is better to implement I/O with on-chip peripherals to 
reduce external hardware requirements. Since 
juPD70335 internal peripherals are memory mapped, 
the I/O trap feature allows easy conversion from I/O 
mapped external peripherals to on-chip peripherals. 

Interrupt Vectors 

The starting address of the interrupt processing rou- 
tines may be obtained from table 2. The table begins at 
physical address 00H, which is outside the internal 
ROM space. Therefore, external memory is required to 
service these routines. By servicing interrupts via the 
macro service function or context switching, this re- 
quirement can be eliminated. 

Each interrupt vector is four bytes wide. To service a 
vectored interrupt, the lower addressed word is trans- 
ferred to the PC and the upper word to the PS. See 
figure 4. 



Figure 4. 


Interrupt Vector 








Vector 


83NR-7449A 




000H i 001 H 


002H i 003H 




PS<- (003H.002H) 
PC<- (001H.OOOH) 



Array bounds The CHKIND instruction will generate an 

interrupt if specified array bounds have been 
exceeded. 
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Table 2. Interrupt Vectors 


Address 


Vector No. 


Assigned Use 


00 





Divide error 


04 


1 


Break flag 


08 


2 


NMI, 


OC 


3 


BRK3 instruction 


10 


4 


BRKV instruction 


14 


5 


CHKIND instruction 


18 


6 


General purpose 


1C 


7 


FPO instructions 


20 -2C 


8-11 


General purpose 


30 


12 


INTSER0 (Interrupt serial error, channel 0) 


34 


13 


INTSR0 (Interrupt serial receive, channel 0) 


38 


14 


INTST0 (Interrupt serial transmit, channel 0) 


3C 


15 


General purpose 


40 


16 


INTSER1 (Interrupt serial error, channel 1) 


44 


17 


INTSR1 (Interrupt serial receive, channel 1) 


48 


18 


INTST1 (Interrupt serial transmit, channel 1) 


4C 


19 


I/O trap 


50 


20 


INTD0 (Interrupt from DMA, channel 0) 


54 


21 


INTD1 (Interrupt from DMA, channel 1) 


58 


22 


General purpose 


5C 


23 


General purpose 


60 


24 


INTP0 (Interrupt from peripheral 0) 


64 


25 


INTP1 (Interrupt from peripheral 1) 


68 


26 


INTP2 (Interrupt from peripheral) 


6C 


27 


General purpose 


70 


28 


INTTU0 (Interrupt from timer unit 0) 


74 


29 


INTTU1 (Interrupt from timer unit 1) 


78 


30 


INTTU2 (Interrupt from timer unit 2) 


7C 


31 


INTTB (Interrupt from time base counter) 


080-3FF 


32-255 


General purpose 



Execution of a vectored interrupt occurs as follows: 
(SP-1,SP-2)«-PSW 
(SP-3, SP-4) *- PS 
(SP-5, SP-6) *- PC 
SP «- SP-6 
IE «- 0, BRK *- 
PS «- vector high bytes 
PC «- vector low bytes 

Hardware Interrupt Configuration 

The V35 Plus features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 12 



internal). The interrupt configuration supports vec- 
tored interrupts that are functionally compatible with 
those Of the V20/V30 and unique high-performance 
microcontroller interrupts. 

Interrupt Sources 

The interrupt sources on the V35 Plus are similar to 
those on the V35. The 17 interrupt sources (table 3) are 
divided into groups for management by the interrupt 
controller. Using software, each of the groups can be 
assigned a priority from (highest) to 7 (lowest). The 
priority of individual interrupts within a group is fixed in 
hardware. 

The ISPR is an 8-bit SFR; bits PR0-PR7 correspond to 
the eight possible interrupt request priorities. The ISPR 
keeps track of the priority of the interrupt currently 
being serviced by setting the appropriate bit. The 
address of the ISPR is XXFFCH. The ISPR format is 
shown below. 



PR 7 


PR 2 


PR 5 


PR 4 


PR3 


PR 2 


PR1 


PR 



NMI and INT are system-type external vectored inter- 
rupts. NMI is not maskable via software. INTR is mask- 
able (IE bit in PSW) and requires that an external device 
provide the interrupt vector number. It allows expan- 
sion by the addition of an external interrupt controller 
(/L/PD71059). 

NMI, INTP0, and INTP1 are edge-sensitive maskable 
interrupt inputs. By selecting the appropriate bits in the 
interrupt mode register, these inputs can be pro- 
grammed to be either rising or falling edge triggered. 
ES0-ES2 correspond to INTP0-INTP2, respectively. See 
figure 5. 
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Figure 5. External Interrupt Mode 
Register (INTM) 
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ES1 INTP1 Input Effective Edge 


Falling edge 

1 Rising edge 


ESO INTPO Input Effective Edge 


Falling edge 
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Interrupt Factor Register 

The primary enhancement of the V35 Plus interrupt 
control unit is the addition of a special function register 
that stores the vector number of the last accepted 
interrupt. This IRQS register (figure 6) stores the vector 
until the next interrupt request is accepted, but is not 
changed by response to NMI, INT, or macroservice 
interrupts. 

The main purpose of the IRQS register is to allow 
several interrupts within a given priority level to be 
serviced with context switching. Once the interrupt 

Table 3. Interrupt Sources 



service routine is executing, the cause of the interrupt 
can be determined only by reading this register, rather 
than by long and time-consuming software determina- 
tion. It is recommended that the contents of the IRQS 
register be read before interrupts are re-enabled to 
avoid confusion within multiprocessing environments. 

Figure 6. Interrupt Factor Register (IRQS) 












Interrupt Vector 



Interrupt Factor 


Interrupt Vector 


INTTUO 


1CH 


INTTU1 


IDH 


INTTU2 


IEH 


INTDO 


14H 


INTD1 


15H 


INTPO 


18H 


INTP1 


19H 


INTP2 


1AH 


INTSERO 


OCH 


INTSRO 


ODH 


INTSTO 


OEH 


INTSER1 


10H 


INTSR1 


11H 


INTST1 


12H 


INTTB 


1FH 



Interrupt Source 


External/ 
Internal 


Vector 


Macro 
Service 


Bank 
Switching 


Priority Order 

Setting Between Within 
Possible Groups Groups 


Multiple 

Processing 

Control 


NMI 

Nonmaskable interrupt 


External 


2 


No 


No 


No — 


Not accepted 



INTTUO 

Interrupt from timer unit 


Internal 


28 


Yes 


Yes 


Yes 1 


1 


INTTU1 

Interrupt from timer unit 1 


Internal 


29 


Yes 


Yes 


Yes 1 


2 



Accepted 



INTTU2 

Interrupt from timer unit 2 



Internal 



30 



Yes 



Yes 



Yes 



INTDO 

Interrupt from DMA channel 



Internal 



20 



No 



Yes 



Yes 



Accepted 



INTD1 

Interrupt from DMA channel 1 



Internal 



21 



No 



Yes 



Yes 
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Table 3. Interrupt Sources (cont) 


External/ 
Interrupt Source Internal 


Vector 


Macro 
Service 


Bank 
Switching 


Priority Order 

Setting Between Within 
Possible Groups Groups 


Multiple 

Processing 

Control 



INTPO 

Interrupt from peripheral 


External 


24 


Yes 


Yes 


Yes 


3 


1 


INTP1 

Interrupt from peripheral 1 


External 


25 


Yes 


Yes 


Yes 


3 


2 



INTP2 

Interrupt from peripheral 2 



External 



26 



Yes 



Yes 



Yes 



Accepted 



INTSERO 

Interrupt from serial error on 

channel 



Internal 



12 



No 



Yes 



Yes 



INTSRO 

Interrupt from serial receiver of 

channel 



Internal 



13 



Yes 



Yes 



Yes 



INTSTO 

Interrupt from serial transmitter 

of channel 



Internal 



14 



Yes 



Yes Yes 



Accepted 



INTSER1 

Interrupt from serial 

error on channel 1 



Internal 



16 



No 



Yes Yes 



INTSR1 

Interrupt from serial receiver of 

channel 1 



Internal 



17 



Yes 



Yes Yes 



INTST1 

Interrupt from serial transmitter 

of channel 1 



Internal 



18 



Yes 



Yes Yes 



Accepted 



INTTB 

Interrupt from time base 

counter 


Internal 


31 


No 


No 


No 
(preset 
to 7) 


6 


— 


Accepted 


INT 
Interrupt 


External 


Ext 
input 


No 


No 


No 


7 


— 


Not accepted 



Interrupt Processing Modes 

Interrupts, with the exception of NMI, INT, and INTTB, 
have high-performance capability and can be pro- 
cessed in any of three modes: standard vectored inter- 
rupt, register bank context switching, or macro service 
function. The processing mode for a given interrupt can 
be chosen by enabling the appropriate bits in the 
corresponding interrupt request control register. Each 
individual interrupt, with the exception of INTR and 
NMI, has its own associated IRC register. Note that IRC 
registers are resources shared by the interrupt source 
and the CPU, which internally link the interrupt control- 
ler to the CPU. The format for all IRC registers is shown 
in figure 7. 

All interrupt processing routines other than those for 
NMI and INT must end with the execution of an FINT 
instruction. Otherwise, subsequently, only interrupts of 



a higher priority will be accepted. FINT allows the 
internal interrupt controller to reset the highest priority 
bit set in the ISPR register. 

In the vectored interrupt mode, the CPU traps to the 
vector address stored in the interrupt vector table. 

Register Bank Switching 

Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected is that which 
has the same register bank number (0-7) as the priority 
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of the interrupt to be serviced. The PC and PSW are Figures. Register Bank Context Switching 

automatically stored in the save areas of the new 
register bank and the address of the interrupt routine is 
loaded from the vector PC storage location in the new 
register bank. As in the vectored mode, the IE and BRK 
bits in the PSW are cleared to zero. 



After interrupt processing, execution of the RETRBI 
(return from register bank interrupt) returns control to 
the former register bank and restores the former PC 
and PSW. Figures 8 and 9 show register bank context 
switching and register bank return. Figure 10 shows 
software-initiated task switching. 

Specific IRC registers include the following. 



Symbol 
DICO, DIC1 
EXIC0-EXIC2 
SEICO, SEIC1 
SRICO, SRIC1 
STICO, STIC1 



IRC Register 
DMA 
External 
Serial error 
Serial receive 
Serial transmit 



TMIC0-TMIC2 Timer 

Figure 7. Interrupt Request Control Registers 
(IRC) 



IF 


IMK 


MS/INT 


ENCS 





PR 2 


PRl 


PRo 





RBi 












RBj 






AW 


^> 


AW 




cw 


CW 


DW 


DW 


BW 


BW 


SP 


SP 


BP 


BP 


IX 


IX 


IY 


IY 


DS1 


DS1 


PS 


PS 


SS 


SS 


DSO 


OS0 


Save PC 






Save PC 






Save PSW 






Save PSW 












Vector PC 




PC 




Vector PC 






Reserved 








Reserved 




PSW 
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IF 


Interrupt Flag 



1 


No interrupt request generated 
Interrupt request generated 


IMK 


Interrupt Mask 



1 


Open (interrupts enabled) 
Closed (interrupts disabled) 


MS/INT 


Interrupt Response Method 



1 


Vector interrupt or register bank switching 
Macroservice function 


ENCS 


Register Bank Switching Function 




1 


Not used 
Used 


PR 2 -PR 


Interrupt Group Priority (0-7) 




111 


Highest (0) 
Lowest (7) 
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Figure 9. Register Bank Return 



Figure 10. Task Switching 
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DSO 
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Save PC 
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Save PSW 
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Vector PC 




PC 




Vector PC 


Reserved 








Reserved 




PSW 
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AW 




CW 
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DW 


DW 
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SP 
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PS 


PS 


SS 


SS 
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DSO 


Save PC 




PC 




Save PC 






Save PSW 








Save PSW 




PSW 




Vector PC 


Vector PC 
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RB t_ Reg 16 
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MACROSERVICE FUNCTION 

The macroservice function (MSF) is a special micropro- 
gram that acts as an internal DMA controller between 
on-chip peripherals (special-function registers, SFR) 
and memory. The MSF greatly reduces the software 
overhead and CPU time that other processors would 
require for register save processing, register returns, 
and other handling associated with interrupt process- 
ing. 

If the MSF is selected for a particular interrupt, each 
time the request is received, a byte or word of data will 
be transferred between the SFR and memory without 
interrupting the GPU. Each time a request occurs, the 
macroservice counter is decremented. When the 
counter reaches zero, an interrupt to the CPU is gener- 
ated. The MSF also has a character search option. 
When selected, every byte transferred will be com- 
pared to an 8-bit search character and an interrupt will 
be generated if a match occurs or if the macroservice 
counter counts out. 
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Like the NMI, INT, and INTTB, the two DMA controller 
interrupts (INTDO, INTD1) and the serial error interrupts 
(INTSERO, INTSER1) do not have MSF capability. 

There are eight, 8-byte macroservice channels mapped 
into internal RAM from XXEOOH to XXE3FH. Figure 11 
shows the components of each channel. 

Setting the macroservice mode for a given interrupt 
requires programming the corresponding macroser- 
vice control register. Each individual interrupt service- 
able with the MSF has its own associated MSC special- 
function register. The general format for all MSC 
registers is shown in figure 12. 

Figure 11. Macroservice Channels 





15 8 


7 


+7H 


MSS 




MSP 




Reserved 


SCHR 


+0H 


SFRP 


MSC 



r 



Offset from macro service channel start address. 



MSS 



+6H Segment value of memory address used 
for data transfer. Memory address 
will be MSS x 16 + MSP. 



+4H 



Offset value of memory address used 
for data transfer. 



SCHR +2H 8-blt data compared In character search. 



SFRP 



+1H Offset value of special function register 
address, which Is xxFOOH + SFRP. (xx Is 
specified by IDB register). 



+0H 



Number of transfers performed In 
macro service 



Figure 12. Macroservice Control Registers 
(MSC) 



MSM 2 


MSM-i 


MSMq 


DIR 





CH 2 


CH-i 


CH 


7 







MSM 2 -MSM 


Macroservice Mode 






1 

1 


Normal (8-bit transfer) 
Normal (16-bit transfer) 
Character search (8-bit transfer 
Other combinations are not allowed. 




DIR 


Data Transfer Direction 






1 


Memory to SFR 
SFR to memory 




CHg-CHy 


Macroservice Channel 






1 1 1 


Channel 

i 
Channel 7 





TIMER UNIT 

The/L/PD70335 (figure 13) has two programmable 16-bit 
interval timers (TM0, TM1) on-chip, each with variable 
input clock frequencies. Each of the two 16-bit timer 
registers has an associated 16-bit modulus register 
(MD0, MD1). Timer operates in either the interval 
timer mode or one-shot mode; timer 1 has only the 
interval timer mode. 

Interval Timer Mode 

In this mode, TM0/TM1 are decremented by the se- 
lected input clock and, after counting out, the registers 
are automatically reloaded from the modulus registers 
and counting continues. Each time TM1 counts out, 
interrupts are generated through TF1 and TF2 (Timer 
Flags 1, 2). When TMO counts out, an interrupt is 
generated through TF0. The timer-out signal can be 
used as a square-wave output whose half-cycle is equal 
to the count time. 

Two input clocks derived from the system clock are 
SCLK/6 and SCLK/128. Typical timer values shown 
below are based on fosc = 1° MHz and fscLK = fosc/2- 



Clock 

SCLK/6 

SCLK/128 



Timer Resolution 

1.2/is 

25.6 fjs 



Full Count 
78.643 ms 
1.678 s 
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One-Shot Mode 

In the one-shot mode, TMO and MDO operate as inde- 
pendent one-shot timers. Starting with a preset value, 
each is decremented to zero. At zero, counting ceases 
and an interrupt is generated by TFO (from TMO) or TF1 
(from MDO). 

When TMO is programmed to one-shot mode, TM1 may 
still operate in interval mode. 

Two input clocks derived from the system clock are 
SCLK/12 and SCLK/128. Typical timer values shown 
below are based on fosc = 10 MHz and fsci_K = fosc/2. 



Clock 

SCLK/12 

SCLK/128 



Timer Resolution 
2.4 ps 
25.6 /is 



Full Count 
157.283 ms 
1.678 s 



Timer Control Registers 

Setting the desired timer mode requires programming 
the timer control register. See figures 14 and 15 for 
format. 

Figure 13. Timer Unit Block Diagram 



MD1 
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TFO 



Output 
Control 



-oTO 



"0" 



Figure 14. Timer Control Register (TMCO) 



TSO 


TCLKO 


MSO 
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1 




Stop countdown 
Start countdown 


MOD 1 


MOD 


TCLKO TMO Register Clock Frequency 











1 
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f SCLI^ 6 (Interval) 

1 fsCLK/128 (Interval) 

fsCLK/12 (One-shot) 

1 fsCLK/ 1 28 (One-shot) 


MSO 




MDO Register Countdown 
(One-Shot Mode) 




1 




Stop 
Start 


MCLKO 




MDO Register Clock Frequency 



1 




feCL^t? 
fsCLIc/128 


ENTO 




TOUT Square-Wave Output 



1 




Disable 
Enable 


ALV 




TOUT Initial Level 
(Counter Stopped) 



1 




Low 
High 


MOD 1 


MOD 


Timer Unit Mode 





1 




1 

X 


Interval timer 

One-shot 

Reserved 



Figure 15. Timer Control Register 1 (TMC1) 



TS1 


TCLK1 





















TS1 



Timer 1 Countdown 



Stop 
Start 



TCLK1 



Timer 1 Clock Frequency 



fsCLK/ 6 
f SCLK/128 



TIME BASE COUNTER 

The 20-bit free-running time base counter (TBC) con- 
trols internal timing sequences and is available as the 
source of periodic interrupts at lengthy intervals. One 
of four interrupt periods can be selected by program- 
ming the TB and TBi bits in the processor control 
register (PRC). The TBC interrupt is unlike the others 
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because it is fixed as a level 7 vectored interrupt. 
Macroservice and register bank switching cannot be 
used to service this interrupt. See figures 16 and 17. 

Figure 16. Time Base interrupt Request 
Control Register (TBIC) 



TBF 


TBMK 











1 


1 


1 



Address xxFECH 



TBF 



Time Base Interrupt Flag 



No interrupt generated 
Interrupt generated 



TBMK 



Time Base Interrupt Mask 



Unmasked 
Masked 



Figure 17. Processor Control Register (PRC) 






RAMEN 








TBi 


TB 


PCK! 


PCKq 



Address xxFEBH 



RAMEN 




Built-in RAM 




1 




Disable 
Enable 


TB, 


TB 


Time Base Interrupt Period 




1 
1 



1 


1 


2 1 %CLK 
2 13 /f S CLK 
2 16 /f S CLK 
2 20 /f S CLK 


PCK! 


PCKq 


System Clock Frequency 
Csclk) 





1 
1 




1 



1 


fosc/2 
f0SC/4 
fosc/ 8 
Reserved 



The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 

The TBC (figure 18) uses the system clock as the input 
frequency. The system clock can be changed by pro- 
gramming the PCKo and PCK-i bits in the processor 
control register (PRC). Reset initializes the system 
clock to fosc/8 (fosc = external oscillator frequency). 



Figure 18. Time Base Counter (TBC) Block 
Diagram 




REFRESH CONTROLLER 

The /iPD70335 has an on-chip refresh controller for 
dynamic and pseudostatic RAM mass storage memo- 
ries. The refresh controller generates refresh addresses 
and refresh pulses. It inserts refresh cycles between the 
normal CPU bus cycles according to refresh specifica- 
tions. 

The refresh controller outputs a 9-bit refresh address on 
address bits Arj-As during the refresh bus cycle. Address 
bits A9-A19 are all zeros. The 9-bit refresh address is 
automatically incremented at every refresh timing for 
512 row addresses. The 8-bit refresh mode (RFM) reg- 
ister (figure 19) specifies the refresh operation and 
allows refresh during both CPU HALT and HOLD 
modes. Refresh cycles are automatically timed to min- 
imize the effect on system throughput. 



The following shows the REFRQ pin level in relation to 
bits 4 (RFEN) and 7 (RFLV) of the refresh mode register. 



RFEN 


RFLV 



REFRQ Level 











1 


1 


1 








1 


1 


Refresh pulse output 



It should be noted that since the V35 Plus directly 
supports dynamic RAM memory, the refresh controller 
output should be gated into the RAS input of the 
memory chips. When combined with the chip select 
logic and the MREQ signals, a direct DRAM interface is 
supported. 

SERIAL CONTROL UNIT 

The /iPD70335 has two full-duplex UARTs, channel 
and channel 1. Each serial port channel (figure 20) has 
a transmit line TxDn, a receive line RxDn, and a clear- 
to-send input line CTSn for handshaking. Communica- 
tion is synchronized by a start bit, and the ports can be 
programmed for even, odd, or no parity, character 
lengths of 7 or 8 bits, and 1 or 2 stop bits. 
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Figure 19. Refresh Mode Register (RFM) 
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1 
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1 
1 



1 
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Automatic Refresh Cycle in HOLD Mode 
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Disabled 
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HLTRF 




Automatic Refresh Cycle in HALT Mode 



1 




Disabled 
Enabled 


RFEN 




Automatic Refresh Cycle 



1 




Refresh pin = RFLV 
Refresh enabled 


RFW, 


RFW 


No. of Wait States Inserted in Refresh Cycle 





1 

1 



1 


1 



1 
2 
2 


RFT - ! 


RFTo 


Refresh Period 





1 
1 




1 



1 


16/SCLK 
32/SCLK 
64/SCLK 
128/SCLK 



ThepPD70335 has dedicated baud rate generators for 
each serial channel. This eliminates the need to obli- 
gate the on-chip timers. The baud rate generator allows 
a wide range of data transfer rates up to 1.25 Mb/s. This 
includes all of the standard baud rates without being 
restricted by the value of the particular external crys- 
tal. 

Each baud rate generator has an 8-bit baud rate gen- 
erator register BRGM, which functions as a prescaler to 
a programmable input clock selected by the serial 
communication control register SCCn. Together these 
must be set to generate a frequency equivalent to the 
desired baud rate. 

The baud rate generator can be set to obtain the 
desired transmission rate according to the following 
formula. 



BxG = SCLKxIQS 

2 n+1 

where B = baud rate 

G = Baud rate genrator register BRGn value 
(table 4) 

n = input clock specification (n between 
and 8). This is the value that is loaded into 
the SCCn register See figure 21. 

SCLK = system clock frequency (MHz). 

Based on the above expression, table 4 shows the baud 
rate generator values used to obtain standard trans- 
mission rates when SCLK = 8 MHz. 



Table 4. 


Baud Rate Generator Register (BRGn) 


Baud Rate 


n 


G 


Error (%) 


110 


7 


142 


0.03 


300 


6 


208 


0.16 


1200 


4 


208 


0.16 


2400 


3 


208 


0.16 


4800 


2 


208 


0.16 


9600 


1 


208 


0.16 


19,200 





208 


0.16 


38,400 





104 


0.16 


LOOM 





4 


0.00 
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Figure 20. Serial Interface Block Diagram 
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software to poll for the completion of a message (the 
last bit of the last byte is shifted out when the ALL SENT 
bit is set). All error flags are available in this register 
(refer to figure 24). 

Please refer to the V25A/35 User's Manual for additional 
information on the serial channels. 

Figure 21. Serial Communication Control 
Register (SCCn) 
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4 3 2 10 
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10 


6 
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8 
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Combinations after PRS = 1000 are not valid. 



In addition to the asynchronous mode, channel has a 
synchronous I/O interface mode. In this mode, each bit 
of da ta transferred is synchronized to a serial clock 
SCKO. This is the same as the NEC /yCOM75 and 
/iCOM87 series, and allows easy interfacing to these 
devices. 

Figures 22 and 23 show the serial communication 
mode register SCMn and error register SCEn. 

The serial control unit of the pPD70335 is functionally 
identical to that of the standard V35, with the exception 
of several enhanced features. 

All serial status information is moved to the serial 
status register (SSTn) on the V35 Plus. Included in this 
register is an additional flag which signals that the 
transmit shift register is clear of data. This flag allows 
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Figure 22. Serial Communication Mode 
Registers (SCMn) 



Figure 23. Serial Communication Error 
Registers (SCEn) 
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Figure 24. Serial Status Register (SSTn) 
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TxBEn 



Reset when transmit data has been written to 

transmit buffer (Note 1) 
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RxBFn 



Reset when receive data has been read from 

receive buffer (Note 2) 

Set when receive data has been sent from shift 1 

register to receive buffer (Note 3) 



Parity Error Flag 


ERPn 


Indicates that transmit parity was not consistent 
with receive parity (Note 5) 


Framing Error Flag 


ERFn 


Indicates that stop bit was not detected (Note 5) 


Overrun Error Flag 


EROn 


Indicates that succeeding receive has completed 
before the previous receive data is taken over from 
the receive buffer (Note 5) 



Notes: 

(1) Transmitter flags are reset to 1 when the value of either the baud 
rate generator or serial control register is written. 

(2) Receive buffer full flag is also reset when either the baud rate 
generator or serial control register is written. 

(3) Receive buffer full flag is not related to the receive error state. 

(4) Error flags are cleared when the next data byte is received. 

(5) In the table, n = or 1. 



Table 5. DMA Controller Operation 



Single-Step Mode 



Burst Mode 



Single-Transfer Mode 



Demand Release Mode 



Transmission Memory - memory 
coverage 



Memory - memory 



Memory - I/O 



Memory - I/O 



Function Under one time of DMA 

request instruction, 
one bus cycle and one DMA 
transmission are alternately 
executed the specified 
number of times. 



Under one DMA 
request, specified number 
of DMA transmissions 
are executed. 



One DMA transfer is 
executed every time DMA 
request occurs. 



DMA transmission is executed 
while DMARQ terminal is kept 
high-level. 



DMA start Rise of DMARQ 

Setting TDMA bit of DMA 
control register 



Rise of DMARQ 

Setting TDMA bit of DMA 
control register 



Rise of DMARQ 



High level of DMARQ 



Halt method Depends on software 

Terminal count 
decremented from zero 



None 



Terminal count 
decremented from zero 



Depends on software 

Terminal count 
decremented from zero 



Halted at low level of DMARQ 
during DMA transmission 

Terminal count 
decremented from zero 



Interrupt 



All accepted 



Not accepted 

during DMA transmission 



All accepted 



All accepted except 
during DMA transmission 



During halt Specified times of DMA 

transmission are executed 
consecutively 



Specified number of DMA 
transfers are executed 
consecutively 



Active 



Active 



DMA request DMA at channel 1 is retained 
during DMA while DMA at channel is 
transmission executed 



Other DMA is retained until 
DMA transmission 
is terminated. 



DMA transmission under 
request is executed after one 
DMA transmission is over 



DMA at channel 1 is retained 
while DMA at channel is 
executed. 
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DMA CONTROLLER 

Two memory-to-memory transfer modes (single-step 
and burst) are supported as well as two l/O-to-memory 
modes (single-transfer and demand release). Refer to 
table 5. 

The most significant V35 Plus enhancement boosts the 
transfer rates of the dual internal DMA channels to full 
bus bandwidth. All operational modes remain the same 
as the V35, but since the V35 Plus DMA controller is 
implemented in hard-wired logic, the control delays of 
a microprogrammed method are not present. As a 
result, the demand release mode transfer rate boasts a 
theoretical transfer rate of over 6M bytes per second. 

The /uPD70335 DMA control registers are moved from 
the internal RAM to the SFRarea; thus the V35 Plus may 
effectively have a larger internal RAM memory area 
than comparable designs on the standard V35. 

Additionally, thejuPD70335 DMA controller uses linear 
registers for both source and destination address 
pointers. Thus, three 8-bit registers completely specify 
the DMA address pointers as shown in figure 25. These 
pointers may be updated by byte (±1) or word (±2) 
quantities as programmed in the DMA channel mode 
register shown in figure 26. This register also specifies 
the operational mode of the channel. The EDMA bit is 
automatically cleared when terminal count is reached, 
and DMA requests are ignored when this bit is cleared. 

Figure 25. DMA Address Registers 
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Figure 26. DMA Channel Mode Registers 
(DMAMn) 
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memory modes) 



The TDMA bit is only valid for single-step and burst 
modes. This bit allows software initiation of the DMA 
transfer (provided the EDMA bit is set); the bit always 
reads as zero and has no meaning in the demand- 
release or single-transfer modes. 

The DMA address pointers may be incremented or 
decremented per transfer as specified in the DMA 
address update register shown in figure 27. The ad- 
dress pointer can also be programmed to remain the 
same, allowing repeated transfers to or from a location. 

Figure 27. DMA Address Control Registers 
(DMAC) 



. 





PD1 


PD 








PSl 


PS 


7 







PD-|-PD Destination Address Offset 


No modification 






1 Increment 






1 Decrement 






11 No modification 






PS1-PS0 Source Address Offset 


No modification 






01 Increment 






1 Decrement 






11 No modification 







The DMAAKn signals are not output for memory-to- 
memory transfer modes, but are driven low for each 
transfer I/O to/from memory. Nominal DMA bus cycles 
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are three clock states; however, programmable wait 
states may be added. Wait states for memory-to- 
memory transfers are added to both source and desti- 
nation addresses as programmed for each specific 
address. 

During memory-to-l/O transfers, the number of wait 
states inserted is determined by the slower of the 
source and destination. l/O-to-memory transfers add 
the number of wait states required by the memory write 
address. 

PARALLEL I/O PORTS 

The//PD70335 has three 8-bit parallel I/O ports: PO, P1, 
and P2. Refer to figures 28 through 32. Special function 
register (SFR) locations can access these ports. The 
port lines are individually programmable as inputs or 
outputs. Many of the port lines have dual functions as 
port or control lines. 

Use the associated port mode and port mode control 
registers to select the mode for a given I/O line. 

The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage is 
programmable to be the (Vjh input pin) x n/16, where n 
= 1 to 16. See figure 33. 

Figure 28. Port Mode Registers and 2 (PMO, 
PM2) 



PM 7 


PM 6 


PM 5 


PM 4 


PM 3 


PM 2 


PM-, 


PM 


7 





PM n Input or Output Bit Selection 


Output port mode 

1 Input port mode 


n = 7 through 

Figure 29. Port Mode Register 1 (PM1) 


pmi 7 


PM1 6 


PM1 5 


PMI4 


1 


1 


1 


1 


7 





PMCl n PM1 n Port Mode Input/Output (Port P1n) 


Output port mode 
1 Input port mode 



Figure 30. Port Mode Control Register (PMCO) 



PMC07 

















PMC0 7 



Port or Control Bit Selection 



Port mode 
CLKOUT 



Figure 31. Port Mode Control Register 1 (PMC1) 



PMC17 


PMC1 6 


PMC1 5 


PMCI4 


PMCI3 


PMC1 2 


PMC^ 


PMC1 



PMCI7 


Port/Control Bit Selection 




1 


PI7I/O 
READY input 


PMC1 6 


Port/Control Bit Selection 




1 


pi 6 i/o 

SCKO output 


PMC15 


Port/Control Bit Selection 




1 


P1 5 i/o 

TOUT output 


PMC14 


Port/Control Bit Selection 




1 


P1 4 I/O or POLE input 
INT input 


PMC13 


Port/Control Bit Selection 




1 


INTP2/P1 3 input 
INTAK output 


PMC1 2 


Port/Control Bit Selection 


X 




INTP1/P1 2 input 
INTP2/P1 3 input 


PMd! 


Port/Control Bit Selection 


X 


INTP0/P1-, input 


PMC1 


Port/Control Bit Selection 


X 


NMI/P1 input 



7, 6, 5, or 4. 
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SEC 



PMC2 7 


PMC2 6 PMC2 5 PMC2 4 


PMC2 3 


PMC2 2 PMC2! 


PMC2 



Figure 32. Port Mode Control Register 2 (PMC2) PROGRAMMABLE WAIT STATE GENERATION 

You can generate wait states internally to further re- 
duce the necessity for external hardware/Insertion of 
these wait states allows direct interface to devices 
whose access times cannot meet the CPU read/write 
timing requirements. 

When using this function, the entire 1M-byte memory 
address space is divided into 128K-blocks. Each block 
can be programmed for zero, one, or two wait states, or 
two plus those added by the external READY signal. 
The top two blocks are programmed together as one 
unit. 

The appropriate bits in the wait control word (WTC) 
control wait state generation. Programming the upper 
two bits in the wait control word will set the wait state 
conditions for the entire I/O address space. Figure 34 
shows the memory map for programmable wait state 
generation; see figure 35 for a graphic representation 
of the wait control word. 

Figure 34. Programmable Wait State Generation 



PMC2 7 


Port/Control Bit Selection 



1 


I/O port 
HLDRQ output 


PMC2 6 


Port/Control Bit Selection 




1 


I/O port 
HLDAK input 


PMC2 5 


Port/Control Bit Selection 



1 


I/O port 
TC1 output 


PMC2 4 


Port/Control Bit Selection 



1 


I/O port 
DMAAKI output 


PMC2 3 


Port/Control Bit Selection 



1 


I/O port 
DMARQ1 input 


PMC2 2 


Port/Control Bit Selection 


X 




I/O port 
TCO output 


PMC2 t 


Port/Control Bit Selection 


X 

1 


I/O port 
DMAAKO output 


PMC2 


Port/Control Bit Selection 



1 


I/O port 
DMARQO input 



Figure 33. Port T Mode Register (PM7) 















PMT 3 


PMT 2 


PMTt 


PMT 



FFFFFH 
CO0O0H 

40000H 

20000H 

OH 








83NR-7451A 


256K 


* 


* * 


128K 


128K 









PMT 3 -PMT 


Vref 


0000 


V TH x 16/16 


0001 


V TH x1/16 


001 


V TH x2/16 


001 1 


V TH x3/16 


01 00 


V TH x4/16 


01 01 


V TH x5/16 


01 1 


V TH x6/16 


0111 


V TH x7/16 


1 000 


V TH x8/16 


1 001 


V TH x9/16 


1010 


V TH X 10/16 


1 01 1 


V TH x 11/16 


1 1 00 


V TH x 12/16 


1101 


V TH x 13/16 


1110 


V TH x 14/16 


1111 


V TH x 15/16 



STANDBY MODES 

The two low-power standby modes are HALT and STOP. 
Software can cause the processor to enter either mode. 

HALT Mode 

In the HALT mode, the CPU is inactive and the chip 
consumes much less power than when operational. 
The external oscillator remains functional and all pe- 
ripherals are active. Internal status and output port line 
conditions are maintained. Any unmasked interrupt 
can release this mode. In the El state, interrupts sub- 
sequently will be serviced and the HALT state released. 
In the Dl state, program execution is restarted with the 
instruction following the HALT instruction and the 
interrupt causing the release from HALT will be latched. 
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STOP Mode 

The STOP mode allows the largest power reduction 
while maintaining RAM. The oscillator is stopped, halt- 
ing the CPU and all internal peripherals. Internal status 
and port pin outputs are maintained. Only a RESET or 
NMI can release this mode. 

A standby flag in the STBC register is reset by rises in 
the supply voltage. Its status is maintained during 
normal operation and standby. The STBC register (fig- 
ure 36) is not initialized by RESET. Use the standby flag 
to determine whether program execution is returning 
from standby or from a cold start by setting this flag 
before entering the STOP mode. 

SPECIAL-FUNCTION REGISTERS 

Table 6 shows the special-function register mnemonic, 
type, address, reset value, and function. The eight 
high-order bits of each address (xx) are specified by 
the IDB register. 

SFR area addresses not listed in table 6 are reserved. If 
read, the contents of these addresses are undefined, 
and any write operation will be meaningless. 



Figure 35. 


Wait Control Word (WTC) 






101 


IO0 


Block 
61 


Block 
60 


Block 
51 


Block 
50 


Block 
41 


Block 
40 


7 


Wait Control, High 





Block 
31 


Block 
30 


Block 
21 


Block 
20 


Block 
11 


Block 
10 


Block 
01 


Block 
00 


7 


Wait Control, Low 





Wait States 


Block n1 


Block nO 











1 1 


2 


1 





2 or more (control from 1 1 
READY pin) 


n = thru 6 
Figure 36. . 


Standby Register (STBC) 

























SBF 


7 







SBF 


Standby Flag 





1 


No changes in Vpp (standby) 
Rising edge on Vqd ( c °ld start) 



Table 6. 


Special-Function Registers 












Address 


Register Function 




Symbol 


R/W 


Manipulation (Note 6) 


When Reset 


xxFOOH 


Port 




P0 


RAV 


8/1 


Undefined 


xxF01H 


Port mode 




PM0 


W 


8 


0FFH 


xxF02H 


Port mode control 




PMC0 


W 


8 


00H 


xxF08H 


Port 1 




P1 


RAV 


8/1 


Undefined 


xxF09H 


Port mode 1 




PM1 


W 


8 


0FFH 


xxFOAH 


Port mode control 1 




PMC1 


W 


8 


00H 


xxF10H 


Port 2 




P2 


RAV 


8/1 


Undefined 


xxF11H 


Port mode 2 




PM2 


W 


8 


0FFH 


xxF12H 


Port mode control 2 




PMC2 


W 


8 


00H 


xxF38H 


Threshold port 




PT 


R 


8 


Undefined 


xxF3BH 


Threshold port mode 




PMT 


RAV 


8/1 


00H 


xxF40H 


External interrupt mode 




INTM 


RAV 


8/1 


00H 


xxF44H 


External interrupt macro service control 


(Note 1) 


EMS0 


RAV 


8/1 


Undefined 


xxF45H 


External interrupt macro service control 1 


(Note 1) 


EMS1 


RAV 


8/1 




xxF46H 


External interrupt macro service control 2 


(Note 1) 


EMS2 


RAV 


8/1 




xxF4CH 


External interrupt request control (Note 1) 


EXIC0 


R/W 


8/1 


47H 


xxF4DH 


External interrupt request control 1 (Note 1) 


EXIC1 


RAV 


8/1 




xxF4EH 


External interrupt request control 2 (Note 


1) 


EXIC2 


R/W 


8/1 
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Table 6. Special-Function Registers (cont) 



Address Register Function 



Symbol R/W 



Manipulation (Note 6) When Reset 



xxF60H 


Receive buffer 


RxBO 


R 


8 


xxF62H 


Transmit buffer 


TxBO 


W 


8 


xxF65H 


Serial receive macro service control (Note 1) 


SRMSO 


R/W 


8/1 


xxF66H 


Serial transmit macro service control (Note 1) 


STMSO 


R/W 


8/1 


xxF68H 


Serial mode register 


SCMO 


R/W 


8/1 


XXF69H 


Serial control register 


SCCO 


R/W 


8/1 



Undefined 



xxF6AH 



Baud rate generator 



BRGO 



R/W 



8/1 



00H 



xxF6BH 



Serial status register 



SSTO 



60H 



xxF6CH 



xxF6DH 



xxF6EH 



Serial error interrupt request register (Note 1) 



SEICO 



R/W 



8/1 



Serial receive interrupt request register (Note 1) 



SRICO 



R/W 



8/1 



Serial transmit interrupt request register (Note 1) 



STICO 



R/W 



8/1 



47H 



xxF70H 



xxF72H 



xxF75H 



xxF76H 



Serial receive buffer 1 



RxB1 



Serial transmit buffer 1 



TxB1 



W 



Serial receive macro service register 1 (Note 1) 



SRMS1 



R/W 



8/1 



Serial transmit macro service register 1 (Note 1) 



STMS1 



R/W 



8/1 



Undefined 



xxF78H 



xxF79H 



xxF7AH 



Serial communication register 1 



SCM1 



R/W 



8/1 



Serial control register 1 



SCC1. 



R/W 



8/1 



Baud rate generator 1 



BRG1 



R/W 



8/1 



00H 



xxF7BH 



Serial status register 1 



SCSI 



60H 



xxF7CH 


Serial error interrupt request register 1 (Note 1) 


SEIC1 


R/W 


8/1 


xxF7DH 


Serial receive interrupt request register 1 (Note 1) 


SRIC1 


R/W 


8/1 


xxF7EH 


Serial transmit interrupt request register 1 (Note 1) 


STIC1 


R/W 


8/1 


xxF80H 


Timer register (Note 2) 


TMO 


R/W 


16 


xxF82H 


Timer modulo register (Note 2) 


MDO 


R/W 


16 


XXF88H 


Timer register 1 (Note 2) 


TM1 


R/W 


16 



47H 



XXF8AH 



Timer 1 modulo register (Note 2) 



MD1 



R/W 



16 



Undefined 



xxF90H 


Timer control register (Note 2) 


TMCO 


R/W 


8/ 


00H 


xxF91H 


Timer 1 control register (Note 2) 


TMC1 


R/W 


8/ 




xxF94H 


Timer unit macro service register (Note 1) 


TMMSO 


R/W 


8/ 


Undefined 


xxF95H 


Timer unit 1 macro service register (Note 1) 


TMMS1 


R/W 


8/ 




xxF96H 


Timer unit 2 macro service register (Note 1) 


TMMS2 


R/W 


8/ 




xxF9CH 


Timer unit interrupt request register (Note 1) 


TMICO 


R/W 


8/ 


47H 


XXF9DH 


Timer unit 1 interrupt request register (Note 1) 


TMIC1 


RAV 


8/ 




XXF9EH 


Timer unit 2 interrupt request register (Note 1) 


TMIC2 


R/W 


8/ 




xxFAOH 


DMA address update control register 


DMACO 


R/W 


8/ 


Undefined 


xxFAIH 


DMA mode register 


DMAMO 


RAV 


8/ 


47H 


xxFA2H 


DMA address update control register 1 


DMAC1 


R/W 


8/ 


Undefined 


xxFA3H 


DMA mode register 1 


DMAM1 


RAV 


8/ 


00H 


xxFACH 


DMA interrupt request control register (Note 1) 


DICO 


R/W 


8/ 


47H 


xxFADH 


DMA interrupt request control register 1 (Note 1) 


DIC1 


R/W 


8/ 
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Table 6. Special-Function Registers (cont) 



Address Register Function 



Symbol R/W 



Manipulation (Note 6) When Reset 



xxFCOH 


DMA channel source address pointer low 


SAEOL 


R/W 


16/8 


xxFCIH 


DMA channel source address pointer mid 


SAEOM 


R/W 


16/8 


xxFCOH 


DMA Channel source address pointer low 


SAEOL 


R/W 


16/8 


xxFCIH 


DMA channel source address pointer mid 


SAEOM 


R/W 


16/8 


xxFC2H 


DMA channel source address pointer high 


SAROH 


R/W 


8 


xxFC4H 


DMA channel destination address pointer low 


DAROL 


R/W 


16/8 


xxFC5H 


DMA channel destination address pointer mid 


DAROM 


R/W 


16/8 


xxFC6H 


DMA channel destination address pointer high 


DAROH 


R/W 


8 


xxFC8H 


DMA channel count register 


DMATCO 


R/W 


16/8 


xxFDOH 


DMA channel 1 source address pointer low 


SAR1L 


R/W 


16/8 


xxFD1 H 


DMA channel 1 source address pointer mid 


SAR1M 


R/W 


16/8 


xxFD2H 


DMA channel 1 source address pointer high 


SAR1H 


R/W 


8 


xxFD4H 


DMA channel 1 destination address pointer low 


DAR1L 


R/W 


16/8 


xxFD5H 


DMA channel 1 destination address pointer mid 


DAR1M 


R/W 


16/8 


xxFD6H 


DMA channel 1 destination address pointer high 


DAR1H 


R/W 


8 



xxFD8H DMA channel 1 terminal count register 



DMATC1 



R/W 



16/8 



Notes: 

(1) One wait state is inserted into accesses to these registers. 

(2) A maximum of 6 wait states are added into accesses to these 
registers. 

(3) Each bit of the standby control register can be set to 1 by an 
instruction; however, once set, bits cannot be reset to by an 
instruction (only 1 can be written to this register). 



Undefined 



xxFEOH 


Standby control register 




STBC 


R/W 
(Note 3) 


8/1 


Undefined 
(Note 4) 


xxFEIH 


Refresh mode register 




RFM 


R/W 


8/1 


OFCH 


xxFE8H 


Wait state control 




WTC 


R/W 


16/8 


OFFFFH 


xxFEAH 


User flag (Note 5) 




FLAG 


R/W 


8/1 


00H 


xxFEBH 


Processor control register 




PRC 


R/W 


8/1 


4EH 


xxFECH 


Time base interrupt request control register 
(Note 1) 


TBIC 


R/W 


8/1 


47H 


xxFEFH 


Interrupt factor register (Note 1) 




IRQS 


R 


8 


Undefined 


xxFFCH 


Interrupt priority control register 


(Note 1) 


ISPR 


R 


8 


00H 


xxFFFH 


Internal data area base 




IDB 


R/W 


8/1 


OFFH 



(4) Upon power-on reset = 00H; other = no change. 

(5) For the user flag register (FLAG), manipulating bits other than 
bits 3 and 5 is meaningless. The contents of user flags and 1 (FO 
and F1) of the FLAG register are affected by manipulating FO and 
F1 ofthePSW. 

(6) The manipulation column indicates which memory operations 
can read or modify the register according to the following key. 

16 Word operations 

8 Byte operations 

1 Bit operations 
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ELECTRICAL SPECIFICATIONS 

Note: The dc and ac characteristics specified in this data 
sheet are for 8-MHz parts (/UPD70335-8). The specifica- 
tions for 10-MHz parts (juPD70335-10) are in a separate 
publication. 

Absolute Maximum Ratings 

T A = 25°C 



Supply voltage, Vdd 








-0.5 to +7.0 V 


Input voltage, V| 




-0.5 to V DD 


+ 0.5 V 


(< +7.0V) 


Output voltage, Vq 




-0.5 to 


Vdd 


+ 0.5 V 


(< +7.0V) 


Threshold voltage, Vj h 




-0.5 to 


Vdd 


+ 0.5 V 


(s +7.0V) 


Output current, low; Iol 
Each output pin 
Total 










4.0 mA 
50 mA 


Output current, high; Iqh 
Each output pin 
Total 










-2.0 mA 
-20 mA 


Operating temperature range, Tqpj 






-1 


to +70°C 


Storage temperature range 


T STG 






-65to+150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause perma- 
nent damage. 

Supply Current vs Clock Frequency 







T 


V =25« 
DD = 5 
cal Sa 


C 










| 






v 


V 










Spec 






Typ 


nple 










Points 


































































^= 


< 

E. 80 

Q 

° Rn 
















































































40 










































20 

































































4 5 6 
fSCLK(MHz) 



Comparator Characteristics 

V D D = +5 V ±10%; T A = —10 to +70°C 



Parameter 



Symbol Min Max Unit Conditions 



Accuracy VAcoMP 




±100 


mV 


Threshold voltage Vjh 





V DD + 0.1 


V 


Comparison time t<x)MP 


64 


65 


l CYK 



PT input voltage. V|p T 


o v DD 


V 


Capacitance 

V DD = 0V;T A = 25°C 


Parameter Symbol 


Min Max Unit 


Conditions 


Input capacitance C| 


10 pF 


f c = 1 MHz; 


Output capacitance Cq 


20 pF 


unmeasured pins 


I/O capacitance C|q 


20 pF 


returned to V 


DC Characteristics; /iPD70335-8 

Vdd = +5V ±10%; T A = -10 to +70°C (Note 1) 


Parameter Symbol Min Typ Max Unit Conditions 



Supply current, 
operating 


>DD1 


65 


120 


mA 


Supply current, 
HALT mode 


!dD2 


25 


50 


mA 



Supply current, 
STOP mode 


>DD3 




10 


30 


fik 


V TH supply 
current 


Ith 




0.5 


1.0 


mA Vj h = to Vqd 


Input voltage, 
low 


V|L 







0.8 


V 



Input voltage, 
high 



V.H1 



2.2 



v dd V All inputs 



except RESET, 
P1 /NMI, X1.X2 





V IH2 


0.8 x 
Vdd 


Vdd 


V 


RESET, P1q/ 
NMI.X1..X2 


Output voltage, 
low 


Vol 




0.45 


V 


I l = 1.6 mA 


Output voltage, 
high 


Voh 


Vdd 

— 1.0 




V 


'OH = _0 ' 4 m A 


Input current 


l| 




±20 


MA 


EA, P1q/NMI; 

v, = to v DD 


Input leakage 
current 


Ili 




±10 


ma 


All except EA, 
P1 /NMI;V| = 

to v D d 


Output leakage 
current 


Ilo 




±10 


ilk 


v = o to v DD 



Notes: 

(1) The standard operating temperature range is -10 to +70°C. 
However, extended temperature range parts (-40 to +85°C) are 
available with certain restrictions. 



32 



NEC 



JJPD70335 (V35 Plus) 



AC Characteristics; jiPD70335-8 

V DD = +5V ±10%; T A -10 to +70°C; C L = 100 pF (max) 
n = total number of wait states; T = CPU clock period (tcY«) 



Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


Input rise, fall time 


*IR. t|F 




20 


ns 


Except X1,X2, RESET NMI 


Input rise, fall time 


4 IRS- *IFS 




30 


ns 


RESET NMI (Schmitt) 


Output rise, fall time 


tOR- *OF 




20 


ns 


Except CLKOUT 



X1 cycle time 



tr 



X1 width, high/low 



tWXH/tWXL 



X1 rise, fall time 



*XR. *XF 



CLKOUT cycle time 



CYK 



CLKOUT width, high/low 



tWKH/t.WXL 



CLKOUT rise, fall time 



to l KF 



Address delay time 



DKA 



Address valid to input data valid 



*DADR 



MREQ to address hold time 



{ HMRA 



MREQ to data delay 



l DMRD 



MSTB to data delay 



l DMSD 



MREQ to MSTB delay 



toMRMSR 



MREQ width, low 



*WMRL 



MREQ, MSTB to address hold time t HMA 



Input data hold time 



U 



Next control setup time 



tscc 



MREQ to TC delay time 



toMRTC 



Data output hold time 



*HMDW 



IOSTB delay time 



*DAIS 



IOSTB to data input 



l DISD 



IOSTB width, low 



*WISL 



62 



250 



20 



20 



125 



2000 



0.5T-15 



15 



15 



90 



(n + 1.5VT-70 



0.5T - 30 



(n + 2)T - 60 



(n + 1)T-60 



T-35 



T+ 35 



(n + 2)T - 30 



0.5T-30 



T-25 



0.5T + 50 



MREQ delay time 


*DAMR 


0.5T-30 




ns 






*DAMSR 


0.5T-30 




ns 




MSTB read delay time 


Read cycle 




tWMSLR 


(n+ 1)T-30 




ns 




MSTB width, read low 




Address data output 


*DADW 


0.5T-35 


0.5T + 50 


ns 




Data output setup time 


*SDM 


(n + 2)T - 50 




ns 




MSTB write delay time 


*DAMSW 


(n + 0.5)T - 30 




ns 


Write cycle 


MREQ to MSTB write delay time 


tDMRMSW 


(n + 1)T-35 


(n + 1)T + 35 


ns 






*WMSLW 


T-30 




ns 




MSTB write width low 


Write cycle 



0.5T-30 



0.5T - 30 



(n + 1)T-60 



(n + 1)T-30 



Address hold time from IOSTB t 



*HISA 



Data hold time from IOSTB t 



tHISDR 



0.5T - 30 



ns I/O cycle 



MREQ to IOSTB delay time 


*DMRIS 


T-35 




ns 




Next DMARQ setup time 


tSDADQ 




(n-1)T-50' 


ns 


Demand mode 


DMARQ hold time 


l HDARQ 







ns 




DMAAK read width, low 


tWDMRL 


(n + 2.5)T -30 




ns 




DMAAK write width, low 


tWDMWL 


(n + 2)T - 30 




ns 
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AC Characteristics; jwPD70335-8 (cont) 



Parameter 



Symbol 



Min 



Max 



Unit Conditions 



DMAAK to TC delay time 


tDDATC 




0.5T + 50 


ns 


TC width, low 


twTCL 


(n + 3)T - 30 




ns 


REFRQ delay time 


*DARF 


0.5T-30 




ns 


REFRQ width, low 


%RFL 


(n + 2)T — 30 




ns 



Address hold time 


*HRFA 


0.5T - 30 






ns 




RESET width low 


*WRSL1 


30 






ms 


Crystal oscillator; STOP/ 
Power on reset 




*WRSL2 


5 






US 


System warm reset 


READY setup time from MREQ 4 


tsCRYO 




2T- 


-100 


ns 


First sample n > 2 


READY setup time from MREQ 


*SCRY 




nT- 


-100 


ns 


n s: 3 


READY hold time from MREQ 4 


tHCRYO 


2T 






ns 


First sample n = 2 


READY hold time from MREQ 4 


*HCRY 


nT 






ns 


n > 3 


READY hold time from MREQ 4 


l HCRY1 


(n - 1)T 






ns 




READY setup time from CLKOUT 4 


*SRYK 


20 






ns 


All samples 


READY hold time from CLKOUT 4 


*HKRY 


40 






ns 




READY setup time from IOSTB 4 


l SSRY0 




T- 


100 


ns 


First sample n > 2 


READY setup time from IOSTB 4 


*SSRY 




(n-1)T-100 


ns 


n a 3 


READY hold time from IOSTB 4 


*HSRY0 


T 






ns 


First sample n = 2 


READY hold time from IOSTB 4 


*HSRY 


(n - 1)T 






ns 


n a 3 


READY hold time from IOSTB 4 


*HSRY1 


(n-2)T 






ns 





HLDRQ setup time 



*SHQK 



HLDAK output delay time 



*DKHA 



Bus control float to HLDAK 4 



*CFHA 



HLDAK t to control output time 



l DHAC 



HLDRQ to HLDAK delay 



*DHQHA 



HLDRQ 4 to control float time 



tDHQC 



HLDRQ width, low 



*WHQL 



HLDAK width, low 



*WHAL 



INTP, DMARQ setup 



tsiQK 



INTP, DMARQ width, high/low 



twiQH/twiQL 



POLL setup time 



*SPLK 



NMI width, high/low 



^NIH^WNIL 



CTS width, low 



*WCTL 



INT setup time 



tsiRK 



INTAK delay time 



*DKIA 



INT hold time 



l HIAIQ 



INTAK width, low 



twiAL 



INTAK width, high 



l WIAH 



INTAK to data delay time 



tolAD 



INTAK to data hold time 



*HIAD 



SCKO (TSCK) cycle time 



tcYTK 



30 



15 



80 



T-50 



T-50 



3T + 160 



3T+ 30 



1.5T 



30 



8T 



30 



/is 



2T 



30 



15 



80 



2T-30 



T-30 



2T-130 



0.5T 



1000 
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AC Characteristics; /wPD70335-8 (cont) 



Parameter 



Symbol 



Min 



Max 



Unit Conditions 



SCKO (TSCK) width, high/low 


♦wSTH/twSTL 


450 




ns 


TxD delay time 


*DTKD 




210 


ns 


TxD hold time 


l HTKD 


20 




ns 


CTSO (RSCK) cycle time 


*CYRK 


1000 




ns 


CTSO (RSCK) width, high/low 


tWSRH/twSRL 


420 




ns 



RxD setup/hold time 



tSRDK/tHKRD 



80 



External System Clock Control Source 



Internal Oscillator 









X1 


_L 






I 


t 


3 




T 






X2 









External Clock 



H> 



Timing Waveforms 



AC Input 1 (Except XI, X2, RESET, NMI) 



Z.4 V i/ 

2.2 V if 

0.8 V / 
0.4 V * 



\ 



t|R 



t| F 



AC Input 2 (RESET, NMI) 



£V/ 



\ 



-- t|RS 



tlFS 



Recommended Oscillator Components 



Ceramic Resonator 


Capacitc 
C1 (pF) 


rs 


Manufacturer 


Product No. 


C2 (pF) 


Kyocera 


KBR-10.0M 


33 


33 


Murata Mfg. 


CSA16.00MX040 


30 


30 




CSA20.00MX040 


10 


10 


TDK 


FCR10.M2S 


30 


30 




FCR16.0M2S 


15 


6 


♦Crystal 




Capacitc 
C1(pF) 


rs 


Manufacturer 


Case 


C2 (pF) 


Kinseki (KSS) 


HC-49/U (KR-100) 


22 


22 




HC-49/U (KR-160) 


22 


22 




HC-49/U (KR-200) 


22 


22 



*ATcut, fundamental mode; 10-, 16-, or 20-MHz crystal 
recommended. 

STOP Mode Data Retention Characteristics 

T A = -10 to +70°C 



Parameter 


Symbol 


Min 


Max 


Unit 


Data retention voltage 


V DDDR 


2.4 


5.5 


V 


Vqd rise/fall time 


tFVD/ l FVD 


200 




A/s 



Stop Mode Data Retention Timing 



VDD 



"V90% i f 

\10% VDDDR / 



tFVD 



tRVD 



AC Output (Except CLKOUT) 
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Clock In and Clock Out 



Memory Read 



CLKIN1 

[X1] 


l l 


*-t X R -~ 


*- tXF 






/ 




-• twXH *• 


/ 


\ 


itt8VDD 
\o.8V 




tWXL >• 






7 


-— tKR 


~* 


■•-tKF 

2.2 V 
^ 0.8 V 


CLKOUT 




\ 


5 


f 


\ 




83-004308B 




























-tDKA 



>^ZZK 



X 



tHMRA 



-tDADR- 



-»HMA 



\I~} 



tDAMSR- 



-tDMSD 



(HMD 



/ 



-tDMRD" 



\ 



« »■ 



-tWMRL- 



tscc- 



\ 



/ 'V 



\ f 



♦tDMRMSR*- 



-tWMSLR- 



V 



► — tDMRTC 



\ 



/ 



-tWTCL- 
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Memory Write 



CLKOUT 



°15- D 



R/W 



MREQ 



MSTB 



DMAAK1- 



TC1 - TCO 



-B1 1 B2- 



-« tCYK *-, 



/^\ 



>^ZI 



tDADW 



\ 



tDKA 




r\ 



tHMRA 



< 



■< »• 



tDAMR--< *• 



\ 



tDMRMSW 



X 



tDAMSW 



-tSDM- 



tHMA 



-tWMRL *- 



\ / 



-tWMSLW- 



tDMRTC 



L 



< tscc »■ 



\ 



-tWTCL- 



X 



f 



83MB-005277B 
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I/O Read 



Dm-Dn 



IOSTB 



REFRQ 



DMAAK1- 
DMAAKO 



-B1- 



-B2- 



-« *CYK 






>^m 



7 



tDAMR 



-tDKA 



tHMRA- 



■* > 



\ 



•* >■ 



-»DMRD- 



•< »■ 



■tDISD 



tHISA 



tHISDR 



V 



-tWMRL- 



« tscc 



/ 'V 



tDAIS--* *■ 



-tDMRIS- 



H h< twiSL H 
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I/O Write 



CLKOUT 



ADDRESS 



MSTB 



DMAAK1- 



■* tCYK 






xzzx 



t DADW • 



X 



tDAMR-* 



tDKA 



tHMRA- 



\ 



■* *■ 



-tSDM *■ 



-tWMRL- 



■*- tDMRIS 



t DAIS 




/ 



tWISL- 



tHISA 



/ 



•tscc *■ 



/ \ 



\ 

V 
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DM4, //O f o Memory 



CLKOUT 



ADDRESS 



°15- D 



R/W 



MREQ 



MSTB 



IOSTB 



DMARQO- 
DMARQ1 



DMAAK1- 
DMAAKO 



TC1-TC0 



I B1- 



•B2 1 B3- 



»CYK 



>^Z3 



\ 



tDKA 



tHMRA-U *■ 



tDAMR--* *- 



\ 



X 



X 



tDAMSW 



« i» 



tHMA 



/ 



-tWMRL »• 



tSCC 



/ 'V 



\ / 



♦tDMRMSW* 



-tWMSLW- 



tSDADQ 
-*-tHDADO- 



-tWDMRL- 



" — tDMRTC 



\ 



-tWTCL- 






83MB-OO5280B 
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DMA, Memory to I/O 



CLKOUT 



ADDRESS 



Di=-Dn 



IOSTB 



DMARQO- 
DMARQ1 



DMAAK1- 
DMAAKO 



TC1-TC0 



| B1- 



tCYK 



/<_ ?\ 



7 



tDAMR 



tDKA 



tHMRA-U *- 



\ 



K 



X 



- — H-^AMSR 



♦tDMRMSR 



-tWMRL- 



\ / 



-IWMSLR 



tHMA 



\ 



«« tscc 



/ ~^\ 



-tSDADQ 
tHDADQ- 



\ 



tWDMWL- 



tDMRTC 



\ 



-tWTCL 






83MB-005281B 
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Refresh 



CLKOUT 

ADDRESS 

D 15' D 
R/W 

MREQ 

MSTB, 
IOSTB 

REFRQ 

DMAAKT- 
DMAAKO 

RESET 1 



82- 



-B3- 



-* tCYK *■ 



-tDKA 



X 



7 



tDARF-« *- 



\ 



tWRFL- 



X 



tHRFA 



\ 



* tscc *■ 



X 






83MB-005282B 



CLKOUT 



\ 



- tWRSU - 



/ 



RESET2 



CLKOUT 



tWRSL2 •> 



1 / 
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READY 1 




READY2 



raREs 



HLDRQ/HLDAK1 



\ 



f 



-*SCRYO- 



'SSRYOk- 




'hsryo- 



T~X 



f 



B1 B2/BAW BAW BAW/B2 

1 1 H 




\ 



/ 



\ 



'SRYK 



'SSRYO 



,O r 



'hkry|-*-* 

'SSRY- 

<HSRY1 * 



-'hsry- 



/ 



^ 



•hkry 



tSHQK 
H- 



\ / 



> 



-«- 



HLDAK 

*A19 -AO , D 15-Do, MREQ, MSTB, IOSTB, R/W 



-tWHQL- 



\_ 



/ 



tDHAC 
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HLDRQ/HLDAK2 



Bus control 



tDKHA 



/ 



\ 



tSHQK 

-* ► 



/ 



- tWHQL - 



-tDHQC- 



* A19-A0, D15-D0, MREQ, MSTB, IOSTB, RAW 



< 



INTP, DMARQ Input 



CLKOUT 



INTP, 
DMARQ* 



/ 



tSIQK 



h* ► 



*INTP2-INTP0, DMARQ1-DMARQ0 



«WIQH - 



\ 



tSIQK 



-W- 



twiQL- 



POLL Input 



CLKOUT 
POLL 


/ 


tSPLK 


■ ' . 


tSPLK 


^ 


[ 


\ 












83-004323B 



NMI Input 
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CrS Input 












cfsi-cfso 










83-004325B 


_/ 


^ 


k 















INTR/INTAK 



tSIRK 



D7-D0 



MREQ 
IOSTB 



-if- 



K 



tOKIA tHIAIQ 

■* ►■<# 



\ n^_ / 



-« twIAL - 



tWIAH 



i 



/ 



tHIAD 



Serial Transmit (I/O Interface Mode) 



SCKO 



TxD 



\ 



-tCYTK- 



/ 



« twSTL *- 



* 1 WSTH *> 



\ 



>« fc- 



X 



-tDTKD-*- 



-tHTKD 



;c 



83MB-005283B 



Serial Receive (I/O Interface Mode) 



-tCYRK- 



CTSO 



\ _jf 



K 



tWSRL- 



-«WSRH 



RxD 



X 



X 



-tSRDK- 



-tHKRD- 



83MB-005284B 
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INSTRUCTION SET 

Instructions, grouped according to function, are de- 
scribed in a table near the end of this data sheet. 
Descriptions include source code, operation, opcode, 
number of bytes, and flag status. Supplementary infor- 
mation applicable to the instruction set is contained in 
the following tables. 

• Symbols and Abbreviations 

• Flag Symbols 

• 8- and 16-Bit Registers. When mod = 11, the register 
is specified in the operation code by the byte/word 
operand (W = 0/1) and reg (000 to 111). 

• Segment Registers. The segment register is speci- 
fied in the operation code by sreg (00, 01, 10, or 11). 

• Memory Addressing. The memory addressing mode 
is specified in the operation code by mod (00, 01, or 
10) and mem (000 through 111). 

• Instruction Clock Count. This table gives formulas 
for calculating the number of clock cycles occupied 
by each type of instruction. The formulas, which 
depend on byte/word operand and RAM enable/ 
disable, have variables such as EA (effective ad- 
dress), W (wait states), and n (iterations or string 
instructions). 

Symbols and Abbreviations 



Symbols and Abbreviations (cont) 



Identifier 


Description 


reg 


8- or 16-bit general-purpose register 


reg8 


8-bit general-purpose register 


reg16 


16-bit general-purpose register 


dmem 


8- or 16-bit direct memory location 


mem 


8- or 16-bit memory location 


mem8 


8-bit memory location 


mem16 


16-bit memory location 


mem32 


32-bit memory location 


sfr 


8-bit special function register location 


imm 


Constant (0 to FFFFH) 


imm16 


Constant (0 to FFFFH) 


imm8 


Constant (0 to FFH) 


imm4 


Constant (0 to FH) 


imm3 


Constant (0 to 7) 


ace 


AW or AL register 


sreg 


Segment register 


src-table 


Name of 256-byte translation table 


src-block 


Name of block addressed by the IX register 


dst-block 


Name of block addressed by the IY register 



Identifier 


Description 


near-proc 


Procedure within the current program segment 


far-proc 


Procedure located in another program segment 


near-label 


Label in the current program segment 


short- 
label 


Label between -128 and +127 bytes from the end 
of instruction 


far-label 


Label in another program segment 


memptr16 


Word containing the offset of the memory location 
within the current program segment to which 
control is to be transferred 


memptr32 


Double word containing the offset and segment 
base address of the memory location to which 
control is to be transferred 


regptr16 


16-bit register containing the offset of the memory 
location within the program segment to which 
control is to be transferred 


pop-value 


Number of bytes of the stack to be discarded (0 to 
64K bytes, usually even addresses) 


fp-op 


Immediate data to identify the instruction code of 
the external floating-point operation 


R 


Register set 


w 


Word/byte field (0to1) 


reg 


Register field (000 to 111) 


mem 


Memory field (000 to 111) 


mod 


Mode field (00 to 10) 


S:W 


When S:W = 01 or 11, data = 16 bits. At all other 
times, data = 8 bits. 


X, XXX, 
YYY, ZZZ 


Data to identify the instruction code of the 
external floating point arithmetic chip 


AW 


Accumulator (16 bits) 


AH 


Accumulator (high byte) 


AL 


Accumulator (low byte) 


BP 


Base pointer register (16 bits) 


BW 


BW register (16 bits) 


BH 


BW register (high byte) 


BI- 


BW register (low byte) 


CW 


CW register (16 bits) 


CH 


CW register (high byte) 


CL 


CW register (low byte) 


DW 


DW register (16 bits) 


DH 


DW register (high byte) 


DL 


DW register (low byte) 


SP 


Stack pointer (16 bits) 


PC 


Program counter (16 bits) 


PSW 


Program status word (16 bits) 


IX 


Index register (source) (16 bits) 
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Symbols and Abbreviations (cont) 



Flag Symbols 



Identifier 


Description 


IY 


Index register (destination) (16 bits) 


PS 


Program segment register (16 bits) 


SS 


Stack segment register (16 bits) 


DS 


Data segment register (16 bits) 


DS, 


Data segment 1 register (16 bits) 


AC 


Auxiliary carry flag 


CY 


Carry flag 


P 


Parity flag 


S 


Sign flag 


Z 


Zero flag 


DIP, 


Direction flag 


IE 


Interrupt enable flag 


V 


Overflow flag 


BRK 


Break flag 


MD 


Mode flag 


(...) Values in parentheses are memory contents 


disp 


Displacement (8 or 16 bits) 


ext-disp8 


16-bit displacement (sign-extension byte + 8-bit 
displacement) 


temp 


Temporary register (8/16/32 bits) 


tmpcy 


Temporary carry flag (1-bit) 


seg 


Immediate segment data (16 bits) 


offset 


Immediate offset data (16 bits) 


*- 


Transfer direction 


+ 


Addition 


- 


Subtraction 


X 


Multiplication 


+ 


Division 


% 


Modulo 


AND 


Logical product 


OR 


Logical sum 


XOR 


Exclusive logical sum 


XXH 


Two-digit hexadecimal value 


XXXXH 


Four-digit hexadecimal value 



Identifi 


er 




Description 




(blank) 






No change 











Cleared to 




1 






Set to 1 




X 






Set or cleared according to the result 


U 






Undefined 




R 






Value saved earlier is restored 


8- and 16-Bit Registers (mod = 11) 


reg 






W = 


W = 1 


000 






AL 


AW 


001 






CL 


CW 


010 






DL 


DW 


011 






BL 


BW 


100 






AH 


SP 


101 






CH 


BP 


110 






DH 


IX 


111 






BH 


IY 


Segment Registers 


sreg 




Regi 


ster 




00 




DS! 






01 




PS 






10 




SS 






11 




DS 






Memory Addressing 


mem 


mod = I 


DO 


mod = 01 


mod = 10 


000 


BW + IX 


BW + IX + disp8 


BW+ IX + disp16 


001 


BW + IY 


BW + IY + disp8 


BW + IY + disp16 


010 


BP + IX 




BP + IX + disp8 


BP + IX + disp16 


011 


BP + IY 




BP + IY + disp8 


BP + IY + disp16 


100 


IX 




IX + disp8 


IX + disp16 


101 


IY 




IY + disp8 


IY + disp16 


110 


Direct 




BP + disp8 


BP + disp16 


111 


BW 




BW + disp8 


BW + disp16 
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Instruction Clock Count 



Mnemonic 



Operand 



Clocks 



ADD 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 


mem8, reg8 
reg16, mem16 


EA+10+2W [EA+7+W] 
EA+10+2W [EA+7+W] 


reg8, imm8 
mem16, imm16 


5 
6 


mem8,imm8 
mem16, imm16 


EA+11 + 2W[EA+9+2W] 
EA+12+2W[EA+8+2W] 





AL, 
AW, 


imm8 
imm16 


5 
6 


ADD4S 






22+(30+3W)n [22+(28+3W)n] 


AD DC 






Same as ADD 


ADJ4A 






9 


ADJ4S 






9 


ADJBA 






17 


ADJBS 






17 



AND 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 


mem8, reg8 
mem16, reg16 


EA+10+2W [EA+7+W] 
EA+10+2W [EA+7+W] 


reg8, imm8 
reg16, imm16 


5 
6 


mem8, Imm8 
mem16, imm16 


EA+11+2W [EA+9+2W] 
EA+12+2W [EA+8+2W] 



AL, imm8 
AW, imm16 


5 
6 


Bcond (conditional branch) 


8 or 15 


BCWZ 


8 or 15 



BR 



near-label 
short-label 



12 
12 



regptr16 
memptr16 



13 
EA+16+W 





far-label 
memptr32 


15 
EA+23+2W 


BRK 


3 
imm8 


50+5W [38+5W] 
51+5W[39+5W] 


BRKCS 




15 


BRKV 




50+5W [38+5W] 


BTCLR 




29 


BUSLOCK 




2 



Mnemonic Operand 



CALL 



CHKIND 



CLR1 



CMP 



Clocks 



near-proc 
regptr16 



21+W[17+W] 
21+W [17+W] 



memptr16 EA+24+2W [EA+22+2W] 

far-proc 36+2W [32+2WJ 

memptr32 EA+32+4W [EA+20+4W] 



reg16, mem32 



EA+24+2W 



CY 

DIR 


2 
2 


reg8, CL 
reg16, CL 


8 
8 


mem8, CL 
mem16, CL 


EA+16+2W [EA+13+W] 
EA+16+2W [EA+13+W] 


reg8, imm3 
reg16, imm4 


7 
7 



mem8, imm3 
mem16, imm4 



EA+13+2W[EA+10+W] 
EA+13+2W[EA+9+WJ 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 


mem8, reg8 
mem16, reg16 


EA+7+W 
EA+7+W 


reg8, imm8 
reg16, imm8 
reg16, imm16 


5 
5 
6 


mem8, imm8 
mem16, imm8 
mem16, imm16 


EA+8+W 
EA+9+W 
EA+9+W 





AL, imm8 
AW, imm16 


5 
6 


CMP4S 






22+(25+2W)n 


CMPBK 


mem8, i 
mem16, 


mem8 
mem16 


25+2W [21 +2W] 
25+2W [19+2W] 


CMPBKB 






16+(23+2W)n 


CMPBKW 






16+(23+2W)n 


CMPM 


mem8 
mem16 




18+W 
19+2W 


CMPMB 


n > 1 




16+(16+W)n 


CMPMW 


n > 1 




16+(16+2W)n 


CVTBD 






19 


CVTBW 






3 


CVTDB 






20 


CVTWL 






8 


DBNZ 






8 or 17 


DBNZE 






8 or 17 


DBNZNE 






8 or 17 
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instruction Clock Count (cont) 



Mnemonic Operand 



DEC 



Clocks 



Mnemonic 



reg8 
reg16 



MOV 





mem8 
mem16 


EA+13+2W[EA+11+2W] 
EA+13+2W[EA+9+2W] 


Dl 




4 


DISPOSE 




11+W 



DIV 


AW, reg8 
AW, mem8 


46-56 

EA+49+Wto EA+59+W 




DW:AW, reg16 
DW: AW, mem16 


54-64 

EA+57+Wto EA+67+W 


DIVU 


AW, reg8 
AW, mem8 


31 
EA+34+W 





DW:AW, reg16 
DW: AW, mem16 


39 
EA+43+2W 


DSO: 




2 


DS1: 




2 


El 




12 


EXT 


reg8, reg8 
reg8, imm4 


41-121 
42-122 


FINT 




2 


FP01 




55+5W [43+5W] 


FP02 




55+5W [43+5W] 


HALT 




N/A 



IN 


AL, imm8 
AW, imm8 


15+W 
15+W 




AL, DW 
AW, DW 


14+W 
14+W 


INC 


reg8 
reg16 


5 
2 




mem8 
mem16 


EA+13+2W[EA+11+2W] 
EA+13+2W[EA+9+2W] 


INM 


mem8, DW 
mem16, DW 


21+2W[19+2W] 
19+2W [15+2W] 





mem8, 1 
mem16, 


DW 
DW 


18+(15+2W)n [18+(13+2W)n] 
18+(13+2W)n [18+(9+2W)n] 


INS 


reg8, reg8 
reg8, imm4 


63-155 
64-156 


LDEA 






EA+2 


LDM 


mem8 
mem16 




13+W 
13+W 


LDMB 


n > 1 




16+(11 + W)n 


LDMW 


n > 1 




16+(11+W)n 



Operand 



Clocks 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 


mem8, reg8 
mem16, reg16 


EA+5+W [EA+2] 
EA+5+W [EA+2] 


reg8, imm8 
reg16, imm16 


5 
6 


mem8, imm8 
mem16, imm16 


EA+6+W 
EA+6+W 


AL, dmem8 
AW, dmem16 


10+W 
10+W 


dmem8, AL 
dmem16, AW 


8+W [5] 
8+W [5] 


sreg, reg16 
sreg, mem16 


4 
EA+9+W 


reg16, sreg 
mem16, sreg 


3 

EA+6+W [EA+3] 


AH, PSW 
PSW, AH 


2 
3 



DSO, reg16, 
memptr32 
.DS1, reg16, 
memptr32 



EA+17+2W 
EA+17+2W 



MOVBK 


mem8, 
mem16 


mem8 
, mem16 


22+2W[17+W] 
22+2W [19+W] 


MOVBKB 


n > 1 




16+(18+2W)n [16+(13+W)n] 


MOVBKW 


n > 1 




16+(18+2W)n [16+(10+W)n] 


MOVSPA 






16 


MOVSPB 


reg16 




11 



MUL 


AW, AL, reg8 


31-40 




AW, AL, mem8 


EA+34+WtoEA+43+W 




DW:AW, AW 


39-48 




reg16 






DW:AW, AW 


EA+ 42+ W to EA+ 51 + W 




mem16 






reg16, reg16, 


39-49 




imm8 






reg16, mem16, 


EA+42+WtoEA+52+W 




imm8 






reg16, reg16, 


40-50 




imm16 






reg16, mem16, 


EA+ 43+ W to EA+ 53+ W 




imm16 




MULU 


reg8 


24 




mem8 


EA+27+W 




reg16 


32 




mem16 


EA+33+W 
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Instruction Clock Count (cont) 



Mnemonic Operand 



NEG 



NOP 



NOT 



NOT1 



OR 



POLL 



POP 



Clocks 



reg8 
reg16 



mem8 
mem16 



EA+13+2W[EA+10+W] 
EA+13+2W[EA+10+W] 



reg8 
reg16 


5 
5 


mem8 
mem16 


EA+13+2W[EA+10+W] 
EA+13+2W[EA+10+W] 


CY 


2 


reg8, CL 
reg16, CL 


7 
7 


mem8, CL 
mem16, CL 


EA+15+W[EA+12+W] 
EA+15+2W[EA+12+W] 


reg8, imm3 
reg16, imm4 


6 
6 



mem8, imm3 
mem16, imm4 



EA+12+2W [EA+9+W] 
EA+12+2W [EA+9+W] 



reg8, reg8 
reg16, reg16 


2 
2 


reg8, mem8 
reg16, mem16 


EA+7+W 
EA+7+W 


mem8, reg8 
mem16, reg16 


EA+10+2W [EA+7+W] 
EA+10+2W [EA+7+W] 


reg8,imm8 
reg16, imm16 


5 
6 


mem8, imm8 
mem16, imm16 


EA+11+2W[EA+9+2W] 
EA+12+2W [EA+8+2W] 



N/A 



reg16 
mem16 


11 + W 
EA+14+2W[EA+11 + W] 


DS0.1 
SS 


12+W 
12+W 


DSO 
PSW 


12+W 
13+W 



74+ 8W [58] 



Mnemonic Operand 



PREPARE 



PS: 



PUSH 



RET 





AL, imm8 
AW, imm16 


5 
6 


OUT 


imm8, AL 
imm8, AW 


11 + W 
9+W 




DW, AL 
DW, AW 


10+ W 
8+W 


OUTM 


DW, mem8 
DW, mem16 


21+2W[19+2W] 
19+2W[15+2W] 




DW, mem8 
DW, mem16 


18+(15+2W)n 
[18+(13+2W)n] 
18+(13+2W)n 
[18+(9+2W)n] 



ROL 



Clocks 



imm16, imm8 



null 
pop-value 



reg8 1 
reg16, 1 



mem8, 1 
mem16, 1 



reg8, CL 
reg16, CL 



mem8, CL 



mem16, CL 



reg8, imm8 
reg16, imm8 



imm8 = 0:26+ W 
imm8 = 1:37+ 2W 
imm8 = n, n > 1:44+19 
(n— 1) + 2Wn 



reg16 
mem16 


13+W [9+W] 
EA+16+2W[EA+12+2W] 


DS1 
PS 


10+ W [7] 
10+ W [7] 


SS 
DSO 


10+ W [7] 
10+ W [7] 


PSW 
R 


9+W [6] 
74+ 8W [50] 





imm8 
imm16 


12+W [9] 
13+W [10] 


REP 




2 


REPE 




2 


REPZ 




2 


REPC 




2 


REPNC 




2 


REPNE 




2 


REPNZ 




2 



19+ W 
19+W 





null 
pop-value 


27+2W 
28+ 2W 


RETI 




40+3W[34+W] 


RETRBI 




12 



EA+16+2W[EA+13+W] 
EA+16+2W[EA+13+W] 



11 + 2n 
11 + 2n 



EA+19+2W+2n 
[EA+16+W+2n] 
EA+19+2W+2n 
[EA+16+W+2n] 



9+2n 
9+2n 



mem8, imm8 
mem16, imm8 



EA+15+2W+2n 
[EA+12+W+2n] 
EA+15+2W+2n 
[EA+12+W+2n] 



ROL4 


reg8 
mem8 


17 

EA+20+2W [EA+18+2W] 


ROLC 




Same as ROL 


ROR 




Same as ROL 
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Instruction dock Count (cont) 



Mnemonic 


Operand 


Clocks 


ROR4 


reg8 
mem8 


21 

EA+26+2W [EA+24+2W] 


RORC 




Same as ROL 



SET1 



TEST 



Mnemonic 



Operand 



Clocks 



TEST1 



reg8, CL 
reg16, CL 



CY 

DIR 


2 
2 


reg8, CL 
reg16, CL 


7 
7 


mem8, CL 
mem16, CL 


EA+15+2W[EA+12+W] 
EA+15+2W[EA+12+W] 


reg8, imm3 
reg16, imm4 


6 
6 



mem8, CL 
mem16, CL 



EA+12+W 
EA+12+W 



reg8, imm3 
reg16, imm4 





mem8, i 
mem16, 


mm3 
imm4 


EA+12 + 2W[EA+9+W] 
EA+12+2W[EA+9+W] 


SHL 






Same as ROL 


SHR 






Same as ROL 


SHRA 






Same as ROL 


SS: 






2 


STM 


mem8 
mem16 




13+W[10] 
13+W(10] 


STMB 


n > 1 




16+(9+W)n [16+(7+W)n] 


STMW 


n > 1 




16+(9+W)n [16+(5+W)n] 


STOP 






N/A 


SUB 






Same as ADD 


SUB4S 






22+(30+3W)n 
[22+(28+3W)n] 


SUBC 






Same as ADD 





mem8, imm3 
mem16, imm4 


EA+9+W 
EA+9+W 


TRANS 




11+W 


TRANSB 




11 + W 


TSKSW 




20 



XCH 



reg16, reg16 



mem8, reg8/ 
reg8, mem8 



EA+12+2W[EA+9+W] 



mem16, reg16/ 
reg16, mem16 



EA+12+2W[EA+9+2W] 



AW, reg16 
reg16, AW 



XOR 



Same as AND 



reg16, reg16 



AL, imm8 
AW, imm16 



Notes: 

(1) If the number of clocks is not the same for RAM enabled and RAM 
disabled conditions, the RAM enabled value ,is listed first, 
followed by the RAM disabled value in brackets; for example, 
EA+8+2W [EA+6+W] 

(2) Symbols in the Clocks column are defined as follows. 



reg8, mem8 
reg16, mem16 


EA+12+W 
EA+11 + 2W 


mem8, reg8 
mem16, reg16 


EA+12+W 
EA+11 + 2W 


reg8, imm8 
reg16, imm16 


7 
8 


mem8, imm8 
mem16, imm16 


EA+9+W 
EA+10+W 



EA = 



W = 



additional clock cycles required for calculation of the 

effective address 

3 (mod 00 or 01) or 4 (mod 10) 

number of wait states selected by the WTC register 

number of iterations or string instructions 
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Instruction Clock Count for Operations 






Byte 




Word 




RAM Enable 


RAM Disable 


RAM Enable 


RAM Disable 


Context switch interrupt 


- 


- 


27 


27 


DMA (Single-step mode) 


9.5+ 2W 


9.5+ 2W 


15.5+ 4W 


15.5+ 4W 


DMA (Demand release mode) 


(3+W)n 


(3+W)n 


(3+ W),n 


(3+W)n 


DMA (Burst mode) 


3.5+(6+2W)n 


3.5+(6+2W)n 


9.5+2W+(6+2W)n 


9.5+2W+(6+2W)n 


DMA (Single-transfer mode) 


3+W 


3+W 


3+W 


3+W 


Interrupt (INT pin) 


— 


— 


57+ 3W 


57+ 3W 


Macro service, sfr «- mem 


25+ W 


20+ W 


25+ W 


20+ W 


Macro service, mem «- sfr 


22+ W 


21 +W 


22+ W 


21 + W 


Macro service (Search char mode), sfr *- mem 


28+ W 


28+ W 


- 


- 


Macro service (Search char mode), mem «- sfr 


38+ W 


35+ W 


- 


- 


Priority interrupt (Vectored mode) 


— 


- 


55+ 5W 


55+ 5W 


NMI (Vectored mode) 


- 


- 


53+ 5W 


53+ 5W 



W = number of wait states inserted into external bus cycle 
n = number of iterations 

Bus Controller Latency 



Clocks 



Latnecy 



Mode 



Typ 



Max 



Hold request Refresh active 



9+3W 



DMA request 
(Notes 1,2) 



Intack active 




10+ 2W 


No refresh or intack 




7+2W 


Burst 


4 


9.5+ 2W 


Single-step 


4 


15.5+ 2W 


Demand release 


4 


10+ 2W 



Single-transfer 



10+ 2W 



Notes: 

(1) The listed DMA latency times are the maximum number of clocks 
when a DMA request is asserted until DMAAK or MREQ goes low 
in the corresponding DMA cycle. 

(2) The test conditions are: no wait states, no interrupts, no mac- 
roservice requests, and no hold requests. 

(3) An additional 6 clocks is required to latch an external INTPn 
interrupt input. 



Interrupt Latency 








Clocks 


Source 


Typ 




Max 


NMI pin 


18+ N 




18+ N 


INT pin 


8+ N 




8+N 


All others (Note 3) 


11 + N 




27+ N 



N = number of clocks to complete the instruction 
currently executing 
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Instruction Set 


Mnemonic Operand 


Operation 






7 6 


Operation Code 
5 4 3 2 


1 


Flags 
Bytes AC CY V P S Z 


Data Transfer 


MOV 


reg, reg 


reg <- reg 






1 








1 





1 W 


2 






1 1 




reg 






reg 






mem, reg 


(mem) «- reg 






1 








1 





W 


2-4 






mod 




reg 






mem 






reg, mem 


reg «- (mem) 






1 








1 





1 W 


2-4 






mod 




reg 






mem 






mem, imm 


(mem) «- imm 






1 1 











1 


1 W 


3-6 






mod 













mem 






reg, imm 


reg <- imm 






1 


1 


1 


W 




reg 


2-3 






ace, dmem 


WhenW = 0:AL«- 
WhenW=1:AH<- 
AL <- (dmem) 


(dmem) 
(dmem + 1), 


1 


1 











W 


3 






dmem, ace 


When W = 0: (dmem) <- AL 
When W = 1 : (dmem + 1 ) <- AH, 
(dmem) *- AL 


1 


1 











1 W 


3 






sreg,reg16 


sreg «- reg 16 sreg 


:SS,DS0, DS1 


1 








1 




1 


2 






1 1 





sreg 




reg 






sreg,mem16 


sreg <- (mem16) sreg 


SS, DSO, DS1 


1 








1 




1 


2-4 






mod 





sreg 




mem 






reg16, sreg 


reg16 «- sreg 






1 








1 







2 






1 1 





sreg 




reg 






mem16, sreg 


(mem16) «- sreg 






1 








1 







2-4 






mod 





sreg 




mem 






DSO, reg16, 
mem32 


reg16 «- (mem32), 
DSO *- (mem32 + 


2) 




1 1 













1 


2-4 






mod 




reg 






mem 






DS1,reg16, 
mem32 


reg16 «- (mem32), 
DS1 <- (mem32 + 


2) 




1 1 
















2-4 






mod 




reg 






mem 






AH, PSW 


AH <- S, Z, x, AC, x 


, P, 


x,CY 


1 





1 


1 




1 1 


1 






PSW, AH 


S, Z, x, AC, x, P, x, CY 


<-AH 


1 





1 


1 




1 


1 XX X 


< X 


LDEA 


reg16, mem16 


reg16 <- mem16 






1 








1 




1 


2-4 






mod 




reg 






mem 




TRANS 


sre- table 


AL <- (BW + AL) 






1 1 





1 







1 1 


1 




XCH 


reg, reg 


reg «-► reg 






1 













1 W 


2 






1 1 




reg 






reg 






mem, reg 
or reg, mem 


(mem) ++ reg 






1 











1 


1 W 


2-4 






mod 




reg 






mem 






AW, reg16 
or reg16, AW 


AW <+ reg16 






1 





1 







reg 


1 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Repeat Prefixes 



REPC 



While CW * 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. When CY * 1 , exit the loop. 



110 10 1 



REPNC 



While CW * 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. When CY * 0, exit the loop. 



1 1 



1 



REP 

REPE 

REPZ 



While CW * 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. If the primitive block transfer 
instruction is CMPBK or CMPM and 
Z* 1, exit the loop. 



1111 



11 



REPNE 
REPNZ 



While CW *■ 0, the next byte of the 
primitive block transfer instruction is 
executed and CW is decremented (-1 ). 
If there is a waiting interrupt, it is 
processed. If the primitive block transfer 
instruction is CMPBK or CMPM and 
Z*0, exit the loop. 



1111 



10 



Primitive Block Transfer 



MOVBK dst-block, 
src-block 



When W = 0: (IY) <- (IX) 
DIR = 0: IX <- IX + 1 , IY <- IY + 1 
DIR = 1:IX<-IX-1,IY*-IY-1 

When W = 1 : (IY + 1 , IY) <- (IX + 1 , IX) 
DIR = 0: IX <- IX + 2, IY «- IY + 2 
DIR = 1:IX«-IX-2,IY«-IY-2 



1 W 



CMPBK src-block, 
dst-block 



WhenW = 0:(IX)-(IY) 
DIR = 0: IX «- IX + 1 , IY <- IY + 1 
DIR=1:IX<-IX-1,IY+-IY-1 

When W = 1 : (IX + 1 , IX) - (IY + 1 , IY) 
DIR = 0: IX <- IX + 2, IY <- IY + 2 
DIR = 1: IX*- IX-2,IY<- IY-2 



10 10 1 1 W 



X X X X X X 



CMPM dst-block 



WhenW = 0:AL-(IY) 

DIR = 0:IY<-IY + 1;DIR=1:IY«-IY-1 
WhenW=1.AW-(IY+1,IY) 

DIR = 0: IY *- IY + 2; DIR = 1 : IY <- IY-2 



10 10 1 1 1 W 



xx x x x x 



LDM src-block WhenW = 0:AL <- (IX) 1 

DIR = 0:IXt-IX + 1;DIR = 1:IX«-IX-1 
WhenW = 1:AW<-(IX+1,IX) 

DIR = 0: IX «- IX + 2; DIR = 1 : IX <- IX-2 



1 



1 W 



STM dst-block WhenW = 0:(IY) <- AL 1 

DIR = 0: IY «- IY + 1 ; DIR = 1 : IY <- IY— 1 
WhenW=1:(IY+1,IY)<-AW 
DIR = 0: IY «- IY + 2; DIR = 1 : IY <- IY-2 



1 



1 W 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 




7 


6 


Operation Code 
5 4 3 2 


1 


Bytes 


Flags 
AC CY V P S Z 


B/f Field Transfer 


INS reg8, reg8 


16-bitfield«-AW 
















1 


1 


1 1 


3 












1 


1 








1 






1 


1 




reg 






reg 




reg8,imm4 


16-bit field <-AW 
















1 


1 


1 1 


4 












1 


1 


1 





1 






1 


1 













reg 




EXT reg8, reg8 


AW<- 16- bit field 
















1 


1 


1 1 


3 












1 


1 








1 1 






1 


1 




reg 






reg 




reg8, imm4 


AW <- 16-bitfield 
















1 


1 


1 1 


4 












1 


1 


1 





1 1 






1 


1 













reg 




I/O 


IN ace, imm8 


WhenW = 0:AL<- 
When W = 1 : AH «- 
AL <- (imm8) 


(imm8) 
(imm8 + 1), 


1 


1 


1 








1 


W 


2 




ace, DW 


WhenW = 0:AL<- 
WhenW = 1:AH<- 
AL <- (DW) 


(DW) 
(DW+1), 


1 


1 


1 





1 


1 


W 


1 




OUT imm8, ace 


When W = 0: (imm8) <- AL 
WhenW=1:(imm8 + 1) <- AH, 
(imm8) *- AL 


1 


1 


1 








1 


1 W 


2 




DW, ace 


WhenW = 0:(DW) 
WhenW=1:(DW 
(DW) <- AL 


<-AL 
+ 1)<-AH, 


1 


1 


1 





1 


1 


1 W 


1 




Primitive Block I/O Transfer 



INM 



dst-block, DW 



When W = 0: (IY) <- (DW) 
DIR = 0: IY <- IY + 1 
DIR=1:IY<-IY-1 

WhenW=1:(IY+1,IY) «- 

(DW + 1 , DW) 

DIR = 0:IY<- IY + 2 
DIR = 1:IY «- IY-2 



110 1 1 W 1 



OUTM 



DW, src-block 



WhenW = 0:(DW)<-(IX) 
DIR = 0: IX <- IX + 1 
DIR=1:IX+- IX-1 

WhenW=1:(DW+1,DW) 

(IX+1.IX) 
DIR = 0: IX <- IX + 2 
DIR=1:IX<-IX-2 



110 1 1 1 W 1 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Addition /Subtraction 



ADD reg, reg 



reg «- reg + reg 



1 W 



X X X X X X 







1 1 




reg 






reg 
















mem, reg 


(mem) <- (mem) + reg 

















W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg <- reg + (mem) 

















1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg.imm 


reg <- reg + irrim 


1 














S W 


3-4 


X 


X 


X 


X 


X 


X 




1 1 













reg 




mem, imm 


(mem) <- (mem) + imm 


1 














S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 








.0 




mem 





When W = 0: AL <- AL + imm 
When W = 1 : AW <- AW + imm 



1 W 2-3 



XX X X X X 



ADDC reg, reg 



reg «- reg + reg + CY 



1 1 W 



x x x x x x 







1 1 




reg 






reg 
















mem, reg 


(mem) «- (mem) + reg + CY 








1 








W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg <- reg + (mem) + CY 








1 








1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg <- reg + imm + CY 


1 














S W 


3-4 


X 


X 


X 


X 


X 


X 




1 1 





1 







reg 




mem, imm 


(mem) <- (mem) + imm + CY 


1 














S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 





1 







mem 





When W = 0: AL <- AL + imm + CY 
When W = 1 : AW «- AW + imm + CY 



0001 010W2-3 x xxxxx 



SUB reg, reg 



reg <- reg - reg 



10 1 1 W 



x x x x x x 







1 1 




reg 






reg 
















mem, reg 


(mem) *- (mem) - reg 





1 





1 





W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg «- reg - (mem) 



mod 


1 



reg 


1 





1 W 
mem 


2-4 


X 


X 


X 


X 


X 


X 


reg, imm 


reg <- reg - imm 


1 














S W 


3-4 


X 


X 


X 


X 


X 


X 




1 1 


1 





1 




reg 




mem, imm 


(mem) «- (mem) - imm 


1 














S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 


1 





1 




mem 





When W = 0: AL <- AL - imm 
When W = 1 : AW <- AW - imm 



0010 110W 2-3 x xxxxx 



SUBC reg, reg 



reg, mem 



reg <- reg- reg -CY 



1 1 1 W 



x xxxxx 









1 1 




reg 


reg 
















mem, reg 


(mem) «- (mem) 


-reg-CY 








1 1 


W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 


mem 





reg <- reg- (mem) -CY 



0001 101W 2-4 x xxxx 



mod 



reg 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 1 





Bytes 


Flags 
AC CY V P S Z 


Addition /Subtraction (cont) 



SUBC reg, imm 



ROL4 



reg 8 



reg «- reg- imm -CY 



10 S W 3-4 



X X X X 









1 1 





1 


1 


reg 
















mem, imm 


(mem) <- (mem) 


-imm-CY 


1 











S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 





1 


1 


mem 







ace, imm 


When W = 0:AL <- AL-imm-CY 
When W = 1 : AW <- AW- imm - CY 











1 


1 


1 





w 


2-3 


X 


X 


X 


X 


X 


X 


BCD Operation 


ADD4S 




dst BCD string «- dst BCD string 
+ src BCD string 












1 






1 




1 




1 




1 




2 


u 


X 


u 


u 


u 


X 


SUB4S 




dst BCD string <- dst BCD string 
-sre BCD string 














1 


1 


1 


1 


2 


u 


X 


u 


u 


u 


X 










1 











1 







CMP4S 




dst BCD string - sre BCD string 














1 


1 


1 


1 


2 


u 


X 


u 


u 


u 


X 










1 








1 


1 








regB 



Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 




83YL-6770A 








t 



1111 
10 10 



110 



reg 



mem 8 



Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 


. 












■; 


* 















1 1 


1 


1 








1 





1 









mod 



3-5 



ROR4 



reg 8 



Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 


> 




, 


> 























1 1 1 


1 








1 





1 1 






110 



reg 



mem 8 



Bits 7-4 


Bits 3-0 




Bits 7-4 


Bits 3-0 


* 




t 























1 1 1 


1 








1 





1 1 






mod 



3-5 



BCD Adjust 



ADJBA 



When (AL AND 0FH) > 9 or AC = 1 : 
AL<-AL+6,AH<-AH + 1,AC«- 1, 
CY «- AC, AL <- ALAND 0FH 



11 111 



x x u u u u 



ADJ4A 



When (AL AND 0FH) > 9 or AC = 1 : 
AL<-AL + 6,CY <- CY OR AC, AC 
WhenAL>9FH,orCY=1: 
AL <- AL + 60H, CY <- 1 



10 111 



X X U X X x 



ADJBS 



When (AL AND 0FH) > 9 or AC = 1 : 
CY «- AC, AL «- AL AND 0FH 



11 1111 



x x u u u u 



ADJ4S 



When (AL AND 0FH) > 9 or AC = 1 : 
AL+-AL-6,CY<-CYORAC,AC <- 1, 
WhenAL>9FH,orCY=1: 
AL <- AL + 60H, CY <- 1 



10 1111 



x x u x x x 
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NEC 



Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC GY V P S Z 


Increment /Decrement 



INC reg8 


reg8 <- reg8 + 1 






1 1 


1 


1 


1 


1 


1 


2 


x 




X 


X 


X 


X 




1 1 













reg 




mem 


(mem) *- (mem) + 1 






1 1 


1 


1 


1 


1 


1 W 


2-4 


X 




X 


X 


X 


X 




mod 













mem 




reg16 


reg16 <- reg16 + 1 






1 













reg 


1 


X 




X 


X 


X 


X 


DEC reg8 


reg8 *- reg8 - 1 






1 1 


1 


1 


1 


1 


1 


2 


X 




X 


X 


X 


X 




1 1 








1 




reg 




mem 


(mem) <- (mem) - 1 






1 1 


1 


1 


1 


1 


1 W 


2-4 


X 




X 


X 


X 


X 




mod 








1 




mem 




reg16 


reg16 <- reg16- 1 






1 








1 




reg 


1 


X 




X 


X 


X 


X 


Multiplication 


MULU reg8 


AW *- AL x reg8 
AH = 0:CY+-0,V<-0 
AH*0:CY<-1,V<- 1 










1 





1 


1 


2 


u 


X 


X 


u 


u 


u 
















reg 




mem8 


AW <r- ALx(mem8) 
AH = 0:CY<-0,V<-0 
AH^0:CY<- 1,V<-1 










1 





1 


1 


2-4 


u 


X 


X 


u 


u 


u 




mod 












mem 




reg16 


DW,AW+-AWxreg16 
DW = 0:CY<-0,V<-0 
DW*0:CY<- 1,V<-1 










1 





1 


1 1 


2 


u 


X 


X 


u 


u 


u 
















reg 




mem16 


DW,AW<-AWx(mem16) 
DW = 0: CY <- 0, V «- 

DW * 0: CY «- 1 , V .<- 1 










1 





1 


1 1 


2-4 


u 


X 


X 


u 


u 


u 




mod 












mem 




MUL reg8 


AW -<- AL x reg8 
AH = AL sign expansion: 
AH * AL sign expansion : 


CY<-0,V<-0 
CY«-1,V<-1 






1 





1 


1 


2 


u 


X 


X 


u 


u 


u 











1 




reg 




mem8 


AW <- AL x (mem8) 
AH = AL sign expansion: 
AH * AL sign expansion: 


CY <- 0, V <- 
CY<-1,V<-1 






1 





1 


1 


2-4 


u 


X 


X 


u 


u 


u 




mod 







1 




mem 




reg16 


DW,AW+-AWxreg16 
DW = AW sign expansion 
DW * AW sign expansior 


:CY«- 
:CY<- 


0,Vt-0 
1,V<-1 






1 





1 


1 1 


2 


u 


X 


X 


u 


u 


u 











1 




reg 




mem 16 


DW,AW*-AWx(mem16) 
DW = AW sign expansion 
DW * AW sign expansior 


:CY<- 
:CY<- 


0,V<-0 
1,V *- 1 






1 





1 


1 1 


2-4 


u 


X 


X 


u 


u 


u 




mod 







1 




mem 




reg16, 


reg16 «- reg16ximm8 
Product <16 bits: CY «- 
Product > 16 bits: CY +- 


0,Vt- 
1,V«- 




1 


1 







1 





1 1 


3 


u 


X 


X 


u 


u 


u 


reg16, 
imm8 


1 1 




reg 






reg 




reg16, 


reg16 *- (mem16)ximm8 
Product < 16 bits: CY <- 
Product > 16 bits: CY <- 


0,V<- 
1,V<- 




1 


1 







1 





1 1 


3-5 


u 


X 


X 


u 


u 


u 


mem16, 
imm8 


mod 




reg 






mem 




reg 16, 


reg16 <- reg16ximm16 
Product < 16 bits: CY <- 
Product > 16 bits: CY *- 


0.V+- 
1,V«- 




1 


1 







1 





1 


4 


u 


X 


X 


u 


u 


u 


reg16, 
imm16 


1 1 




reg 






reg 




reg16, 


reg16 «- (mem16)ximm16 






1 







1 





1 


4-6 


u 


X 


X 


u 


u 


u 



mem16, 
imm16 



Products 16 bits: CY <- 0, V <- 
Product > 16 bits: CY <- 1 , V <- 1 



mod 



reg mem 
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Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 
7 6 5 4 3 2 1 



Bytes 



Flags 
AC CY V P S Z 



Unsigned Division 



DIVU 



reg8 



mem8 



reg16 



temp <- AW 

When temp h- reg8 > FFH: 

(SP-1.SP-2) <-PSW, 

(SP-3.SP-4) <-PS, 

(SP-5, SP-6) <-PC,SP<-SP-6, 

IE «- 0, BRK <- 0, PS <- (3, 2), PC <- (1 , 0) 

All other times: 

AH «- temp % reg8, AL <- temp ■+■ reg8 



1111 



110 



1111 



reg 



temp «- AW 

When temp h- (mem8) > FFH: 

(SP-1,SP-2)<-PSW, 

(SP-3.SP-4) <-PS, 

(SP-5, SP-6) «- PC, SP «- SP-6, 

IE <- 0, BRK *- 0, PS <- (3, 2), PC <- (1 , 0) 

All other times: 

AH «- temp%(mem8), AL «- temp -h (mem8) 



1111 



1 1 



2-4 



mod 



temp «- AW 

When temp h- reg 16 > FFFFH: 

(SP-1.SP-2) <- PSW, 

(SP-3.SP-4) <- PS, 

(SP-5, SP-6) ♦- PC, SP <- SP-6, 

IE <- 0, BRK <- 0, PS <- (3, 2), PC <- (1 , 0) 

Allothertimes: 

AH *- temp % reg 16, AL <- temp + reg 16 



1111 



1 1 1 



u u u u 



reg 



mod 1 1 



mem16 temp «- AW 111 

When temp h- (mem16) > FFFFH: 
(SP-1.SP-2) <-PSW, 
(SP-3,SP-4)«-PS,' 
(SP-5, SP-6) ♦- PC, SP *- SP-6, 
IE <- 0, BRK «- 0, PS *- (3, 2), PC *- (1 , 0) 
Allothertimes: 
AH *- temp%(mem16), AL *- temp 4- (mem 16) 



1 1 1 



2-4 



u u u u 



Signed Division 



DIV 



reg8 



temp <- AW 

When temp -r reg8 > and temp -h reg8 

> 7FH ortemp -r reg8 < and 

tempn- reg8<0-7FH-1: 

(SP-1.SP-2) <-PSW, 

(SP-3,SP-4)<-PS, 

(SP-5, SP-6) <- PC, SP ♦- SP-6, 

IE v 0, BRK «- 0, PS •«- (3, 2), PC <- (1 , 0) 

Allothertimes: 

AH <- temp%reg8, AL +• temp -h reg8 



1111 



110 



u u u u 



reg 



mod 1 1 



mem8 temp *- AW 1111 

When temp h- (mem8) > and (mem8) > 
7 FH or temp -h (mem8) < and 
temp -h (mem8) < - 7FH - 1 : 
(SP-1,SP-2)*-PSW, 
(SP-3,SP-4)<-PS, 
(SP-5, SP-6) *- PC,SP <- SP-6, 
IE ♦- 0, BRK «- 0, PS <- (3, 2), PC <- (1 , 0) 
Allothertimes: 
AH «- temp % (mem8), AL <- temp h- (mem8) 



110 



2-4 



mem 
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Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 
7 6 5 4 3 2 1 



Flags 
Bytes AC CY V P S Z 



Signed Division (cont) 



DIV reg16 



1111 



temp <- DW, AW 1111 

When temp h- reg16>0andreg16 

> 7FFFH or temp h- reg16 < 

0-7FFFH-1: 

(SP-1.SP-2) <-PSW, 

(SP-3.SP-4) <-PS, 

(SP-5, SP-6) <- PC, SP <- SP-6, 

IE <- 0, BRK <- 0, PS <- (3, 2), PC «- (1 , 0) 

All other times: 

AH *- temp%reg16, AL «- temp h- reg16 



1 1 1 



u u u u 



reg 



mem16 



temp «- DW, AW 

When temp -r- (mem16)>0 and (mem16) 

> 7 FFFH or temp -h (mem16) < and 

temp -4- (mem16) < 0-7FFFH- 1 : 

(SP-1.SP-2) <-PSW, 

(SP-3.SP-4) *- PS, 

(SP-5, SP-6) <- PC, SP <- SP-6, 

IE +- 0, BRK *- 0, PS <- (3, 2), PC <- (1 , 0) 

All other times: 

AH *- temp%(mem16), AL <- temp -h (mem16) 



1 1 



2-4 



u u u u u 



mod 1 1 



Data Conversion 


CVTBD 


AH <- AL 4- 0AH, AL ♦- AL % 0AH 


1 


1 





1 





1 





2 


u 


u 


u 


X 


X 


X 
















1 





1 




CVTDB 


AH<-0,AL«- AHxOAH + AL 


1 


1 





1 





1 


1 


2 


u 


u 


u 


X 


X 


X 
















1 





1 




CVTBW 


WhenAL<80H:AH<-0 
All other times: AH «- FFH 


1 








1 


1 








1 














CVTWL 


When AL < 8000H: DW <- 
All other times: DW +- FFFFH 


1 








1 


1 





1 


1 














Comparison 


CMP reg, reg 


reg -reg 








1 


1 


1 





1 w 


2 


X 


X 


X 


X 


X 


X 




1 


1 




reg 






reg 




mem, reg 


(mem) - reg 



mod 


1 


1 
reg 


1 





W 
mem 


2-4 


X 


X 


X 


X 


X 


X 


reg, mem 


reg -(mem) 








1 


1 


1 





1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg -imm 


1 

















S W 


3-4 


X 


X 


X 


X 


X 


X 




1 


1 


1 


1 


1 




reg 




mem, imm 


(mem) -imm 


1 

















S W 


3-6 


X 


X 


X 


X 


X 


X 




mod 


1 


1 


1 




mem 




ace, imm 


When W = 0:AL- imm 
When W= LAW -imm 








1 


1 


1 


1 


W 


2-3 


X 


X 


X 


X 


X 


X 
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Instruction Set (cont) 


Mnemonic Operand 


Operation 


7 6 


Operation Code 
5 4 3 2 


1 


Bytes 


AC 


CY 


Flag 
V 


s 

P 


s 


z 


Complement 


NOT reg 


reg <-reg 


1 1 


1 


1 





1 


1 W 


2 
















1 1 





1 







reg 




mem 


(mem) <- (mem) 


1 1 


1 


1 





1 


1 W 


2-4 
















mod 





1 







mem 




NEG reg 


reg «- rig + 1 


1 1 


1 


1 





1. 


1 W 


2 


X 


X 


X 


X 


X 


X 




1 1 





1 


1 




reg 




mem 


(mem) <- (mem) + 1 


1 1 


1 


1 





1 


1 W 


2-4 


X 


X 


X 


X 


X 


X 




mod 





1 


1 




mem 




Logical Operation 


TEST reg, reg 


reg AND reg 


1 











1 


W 


2 


u 








X 


X 


X 




1 1 




reg 






reg 




mem, reg 


(mem) AND reg 


1 











1 


W 


2-4 


u 








X 


X 


X 


or reg, mem 


mod 




reg 






mem 




reg, imm 


reg AND imm 


1 1 


1 


1 





1 


1 W 


3-4 


u 








X 


X 


X 




1 1 













reg 




mem.imm 


(mem) AND imm 


1 1 


1 


1 





1 


1 W 


3-6 


u 








X 


X 


X 




mod 













mem 




ace, imm 


When W = 0:AL AND imm8 
When W = 1 : AW AND imm8 


1 


1 





1 





W 


2-3 


u 








X 


X 


X 


AND reg, reg 


reg «- reg AND reg 





1 











1 W 


2 


u 








X 


X 


X 




1 1 




reg 






reg 




mem, reg 


(mem) «- (mem) AND reg 





1 











W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg *- reg AND (mem) 





1 











1 W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg <- reg AND imm 


1 














W 


3-4 


u 








X 


X 


X 




1 1 


1 










reg 




mem, imm 


(mem) «- (mem) AND imm 


1 














W 


3-6 


u 








X 


X 


X 




mod 


1 










mem 




ace, imm 


When W = 0: AL <- AL AND imm8 
When W = 1 : AW <- AW AND imm16 





1 








1 


W 


2-3 


u 








X 


X 


X 
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Instruction Set (cont) 



Mnemonic Operand Operation 



Operation Code Flags 

7 6 5 4 3 2 10 Bytes AC CY V P S Z 



Logical Operation (cont) 



OR 



reg, reg 



reg «- reg OR reg 



1 1 W 



u x x x 







1 1 




reg 






reg 
















mem, reg 


(mem) «- (mem) OR reg 











1 





W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg +- reg OR (mem) 











1 





1 W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, imm 


reg «- reg OR imm 


1 














W 


3-4 


u 








X 


X 


X 




1 1 








1 




reg 




mem, imm 


(mem) <- (mem) OR imm 


1 














W 


3-6 


u 








X 


X 


X 




mod 








1 




mem 





When W = 0: AL «- AL OR imm8 
When W = 1 : AW «- AW OR imm16 



0000 110W 2-3 u OOxxx 



XOR 



reg, reg 



reg <- reg XOR reg 



11 1 W 



u OOxxx 







1 1 




reg 






reg 
















mem, reg 


(mem) *- (mem) XOR reg 





1 


1 








W 


2-4 


u 








X 


X 


X 




mod 




reg 






mem 




reg, mem 


reg «- reg XOR (mem) 



mod 


1 


1 
reg 








1 W 
mem 


2-4 


u 








X 


X 


X 


reg, imm 


reg «- reg XOR imm 


1 














W 


3-4 


u 








X 


X 


X 




1 1 


1 


1 







reg 




mem, imm 


(mem) «- (mem) XOR imm 


1 














W 


3-6 


u 








X 


X 


X 




mod 


1 


1 







mem 





When W = 0: AL <- AL XOR imm8 
When W = 1 : AW +- AW XOR imm16 



0011 010W 2-3 u OOxxx 



Bit Operation 



TEST1 reg8, CL 



reg8bitno.CL = 0:Z<- 1 
reg8bitno.CL= 1:Z •<- 



1111 
1 



u u u x 



110 



reg 



mem8, CL 



(mem8) bit no, CL = 0: Z <- 1 
(mem8) bit no. CL = 1 : Z <- 



1111 
1 



mod 



3-5 



u u u x 



reg16,CL 



reg16bitno.CL = 0:Z <- 1 
reg16bitno.CL= 1:Z <- 



1111 
1 1 



u u u x 



110 



reg 



mem16, CL 



(mem16) bit no. CL = 0: Z <- 1 
(mem16) bit no. CL = 1 : Z <- 



0000 1111 3-5 u OOuux 



1 1 
mod mem 



reg8, imm3 



5 bit no. imm3 = 0:Z «- 1 
i bit no. imm3= 1:Z «- 



1111 
1 10 



u OOuux 



110 



reg 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 1 





Bytes 


Flags 
AC CY V P S Z 


Bit Operation (cont) 



TEST1 


mem8, imm3 


(mem8) bit no. imm3 = 0: Z «- 1 
(mem8) bit no. imm3 = 1 : Z «- 














1 




1 


1 


4-6 


U 


u u x 













1 


1 















mod 













mem 








reg16, imm4 


reg16 bit no. imm4 = 0: Z <- 1 
reg16 bit no. imm4 = 1 : Z <- 














1 




1 


1 


4 


u 


u u x 













1 


1 








1 






1 


1 













reg 








mem16, imm4 


(mem16) bit no. imm4 = 0: Z <- 1 
(mem16) bit no. imm4 = 1 : Z <- 














1 




1 


1 


4-6 


u 


u u x 













1 


1 








1 






mod 













mem 








reg8, CL 
















1 




1 


1 


3 






NOT1 


reg8 bit no. CL «- reg8 bit no. CL 















1 







*1 









1 


1 













reg 








mem8, CL 
















1 




1 


1 


3-5 








(mem8) bit no. CL <- (mem8) bit no. CL 















1 







1 









mod 













mem 








reg16, CL 


reg16bitno.CL «- reg16bitno.CL 














1 




1 


1 


3 

















1 







1 


1 






1 


1 













reg 








mem16,CL 
















1 




1 


1 


3-5 








(mem16) bit no. CL «- (mem16) bit no. CL 















1 







1 


1 






mod 













mem 








reg8, imm3 
















1 




1 


1 


4 








reg8 bit no. imm3 <- reg8 bit no. imm3 















1 


1 




1 









1 


1 













reg 








mem8,imm3 


(mem8) bit no. imm3 «- (mem8) bit no. imm3 














1 




1 


1 


4-6 

















1 


1 




1 









mod 













mem 








reg16, imm4 


reg16 bit no. imm4 <- reg16 bit no. imm4 














1 




1 


1 


4 

















1 


1 




1 


1 






1 


1 













reg 








mem16,imm4 


(mern16)bitno.imm4<-(mem16)bitno.imm4 














1 




1 


1 


4-6 

















1 


1 




1 


1 





CY 



CYf-CY 



mod 
1111 



10 1 
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JIPD70335 (V35 Plus) 



SEC 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


7 


6 


Operation Code 
5 4 3 2 


1 


Flags 
Bytes AC CY V P S Z 


Bit Operation (cont) 


CLR1 reg8, CL 


reg8 bit no. CL *- 














1 


1 


1 1 


3 

















1 








1 






1 


1 













reg 




mem8, CL 


(mem8)bitno.CL<-0 














1 


1 


1 1 


3-5 

















1 








1 






mod 













mem 




reg16, CL 


reg16bitno. CL<- 














1 


1 


1 1 


3 

















1 








1 1 






1 


1 













reg 




mem16,CL 


(mem16)bitno.CL«-0 














1 


1 


1 1 


3-5 

















1 








1 1 






mod 













mem 




reg8, imm3 


reg8 bit no. imm3 «- 














1 


1 


1 1 


4 









1 




1 






1 




1 







1 
reg 




mem8, imm3 


(mem8) bit no. imm3 <- 














1 


1 


1 1 


4-6 









mod 






1 




1 







1 
mem 




reg16, imm4 


reg16bitno. imm4 *- 














1 


1 


1 1 


4 

















1 


1 





1 1 






1 


1 













reg 




mem16, imm4 


(mem16)bitno. imm4 «- 














1 


1 


1 1 


4-6 

















1 


1 





1 1 






mod 













mem 




CY 


CY *-0 


1 


1 


1 


1 


1 








1 







DIR 


DIR+-0 


1 


1 


1 


1 


1 


1 





1 






SET1 reg8, CL 


reg8bitno. CL <- 1 














1 


1 


1 1 


3 

















1 





1 









1 


1 













reg 




mem8,CL 


(mem8) bit no. CL *- 1 














1 


1 


1 1 


3-5 









mod 






1 








1 



mem 




reg16,CL 


reg16bitno.CL <- 1 














1 


1 


1 1 


3 

















1 





1 


1 






1 


1 













reg 




mem16,CL 


(mem16)bitno. CL<- 1 














1 


1 


1 1 


3-5 

















1 





1 


1 






mod 













mem 
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NEC 



ff PD70335 (V35 Plus) 



Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Bit Operation (cont) 



SET1 


reg8, imm3 


reg8bitno. imm3 <- 1 















1 


1 


. 4 






















1 
















1 1 













reg 








mem8, imm3 


(mem8) bit no. imm3 <- 1 















1 


1 


4-6 






















1 
















mod 













mem 








reg16, imm4 


reg16bitno. imm4 «- 1 















1 


1 


4 






















1 









1 






1 1 













reg 








mem16, imm4 


(mem16) bit no. imm4 *- 1 


.0 












1 


1 


4-6 






















1 









1 






mod 













mem 








CY 


CY<-1 




1 


1 










1 


1 




1 












DIR 


DIR<-1 




1 


1 




1 





1 


1 














Shift 


SHL 


reg, 1 


CY <- MSB of reg, reg <- reg x 2 
WhenMSBofreg*CY,V<-1 
When MSB of reg = CY, V <- 







1 











w 


2 


u 


X 


X 


X 


X 


X 






1 










reg 








mem, 1 


CY <- MSB of (mem), (mem) «- (mem) x 2 
When MSB of (mem) * CY, V «- 1 
When MSB of (mem) = CY, V ■<- 







1 











w 


2-4 


u 


X 


X 


X 


X 


X 




mod 


1. 










mem 








reg.CL 


temp *- CL, whiietemp*0, 

repeat this operation, CY <- MSBofreg, 

reg «- reg x 2, temp «- temp— 1 







1 








1 


w 


2 


u 


X 


u 


X 


X 


X 






1 










reg 








mem.CL 


temp <- CL, while temp * 0, 

repeat this operation, CY <- MSBof(mem), 

(mem) «- (mem) x 2, temp <- temp-1 







1 








1 


w 


2-4 


u 


X 


u 


X 


X 


X 




mod 


1 










mem 








reg, imm8 


temp <- imm8, while temp * 0, 

repeat this operation, CY <- MSBofreg, 

reg «- reg x 2, temp «- temp-1 



















w 


3 


u 


X 


u 


X 


X 


X 






1 










reg 








mem, imm8 


temp <- imm8, while temp * 0, 







' 











w 


3-5 


u 


X 


u 


X 


X 


X 



repeat this operation, CY «- MSB of (mem), 
(mem) <- (mem)x2,temp <- temp-1 



mod 1 
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PPD70335 (V35 Plus) 



NEC 



Instruction Set (cont) 



Mnemonic Operand 



Operation 



7 6 



Operation Code Flags 

5 4 3 2 10 Bytes AC CY V P S Z 



Shift (cont) 



SHR reg, 1 



CY «- LSB of reg, reg <- reg -h 2 
When MSB of reg* bit following MSB 
of reg: V <- 1 

When MSB of reg = bit following MSB 
of reg: V <- 



1101 000W 2 u xxxxx 



1110 1 reg 



mem, 1 CY «- LSB of (mem), (mem) +- (mem) -h 2 

When MSB of (mem) * bit following MSB 
of (mem): V +- 1 

When MSB of (mem) = bit following MSB 
of (mem): V <- 



1101 000W 2-4 u xxxxx 



mod 1 1 mem 



reg, CL 


temp <- CL, while temp * 0, 
repeatthis operation, CY +- LSBofreg, 
reg *- reg -=- 2, temp <- temp-1 


1 1 





1 








1 W 


2 


u 


X 


u 


X 


X 


X 




1 1 


1 





1 




reg 




mem,CL 


temp *- CL, while temp * 0, 

repeat this operation, CY <- LSBof(mem), 

(mem) «- (mem) -=- 2, temp «- temp-1 


1 1 





1 








1 W 


2-4 


u 


X 


u 


X 


X 


X 




mod 


1 





1 




mem 




reg, imm8 


temp *- imm8, while temp *■ 0, 
repeat this operation, CY <- LSBofreg, 
reg <- reg -h 2, temp <- temp-1 


1 1 














W 


3 


u 


X 


u 


X 


X 


X 




1 1 


1 





1 




reg 




mem, imm8 


temp «- imm8, while temp * 0, 

repeat this operation, CY <- LSB of (mem), 

(mem) <- (mem) -r- 2, temp *- temp - 1 


1 1 














W 


3-5 


u 


X 


u 


X 


X 


X 




mod 


1 





1 




mem 




SHRA reg, 1 


CY *- LSB of reg, reg <- reg +- 2, V <- 
MSB of operand does not change 


1 1 





1 








W 


2 


u 


X 





X 


X 


X 




1 1 


1 


1 


1 




reg 




mem,1 


CY •*- LSB of (mem), (mem) <- (mem) 4- 2, 
V «- 0, MSB of operand does not change 


1 1 





1 








W 


2-4 


u 


X 





X 


X 


X 




mod 


1 


1 


1 




mem 





reg, CL temp <- CL, while temp * 0, 

repeat this operatipn.CY «- LSBofreg, 
reg «- reg + 2, temp <- temp-1 
MSB of operand does not change 



110 1 1 W 



u x u x x x 



1111 1 



reg 



mem.CL temp «- CL, while temp *0, 

repeat this operation, CY «- LSB of (mem), 
(mem) «- (mem) -=- 2, temp «- temp - 1 
MSB of operand does not change 



101 001W 2-4 u xuxxx 



mod 



1 1 1 



reg, imm8 temp «- imm8, while temp * 0, 

repeat this operation, CY +- LSBofreg, 
reg *- reg + 2, temp <- temp-1 
MSB of operand does not change 



110 W 



1111 



reg 



mem,imm8 temp <- imm8, while temp* 0, 

repeatthis operation, CY «- LSBof(mem), 
(mem) «- (mem) -h 2, temp <- temp- 1 
MSB of operand does not change 



110 W 
mod 1 1 1 mem 



3-5 



Rotation 



ROL reg, 1 



CY *- MSB of reg, reg +- reg x 2 + CY 
MSBofreg*CY:V<-1 
MSBofreg = CY:V<-0 



1 1 


1 








W 


1 1 










reg 


1 1 


1 








W 



mem, 1 CY <- MSB of (mem), 

(mem) «- (mem) x 2 + CY 
MSBof(mem)*CY:V<-1 
MSBof(mem) = CY:V<-0 



2-4 



mod 
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NEC 



JJPD70335 (V35 Plus) 



Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 
7 6 5 4 3 2 1 



Flags 
Bytes AC CY V P S Z 



Rotation (cont) 



ROL 



reg.CL temp «- CL, while temp * 0, 

repeat this operation, CY <- MSBofreg, 
reg <- reg x 2 + CY, 
temp *- temp-1 



1 1 



1 w 



110 



reg 



mem.CL temp «- CL, while temp *0, 1 

repeat this operation, CY «- MSBof(mem) 
(mem) +- (mem) x 2 + CY, 
temp <- temp-1 



1 W 



2-4 



mod 



reg, imm8 temp «- imm8, while temp * 0, 

repeat this operation, CY <- MSBofreg, 
reg «- reg x 2 + CY, 
temp <- temp-1 



1 1 



w 



110 



reg 



mem, imm8 temp «- imm8, while temp *0, 

repeat this operation, CY <- MSB of (mem), 
(mem) <- (mem) x 2 + CY, 
temp <- temp-1 



110 



W 



3-5 



mod 







ROR 



reg, 1 



CY <- LSB of reg, reg <- reg h- 2, 
MSBofreg +- CY 
MSBofreg * bit following 
MSBofreg:V<-1 
MSBofreg = bit following 
MSBofreg: V ♦- 



110 1 



W 



110 



reg 



mem, 1 CY «- LSB of (mem), (mem) <- (mem) + 2, 

MSBof(mem)<-CY, 
MSB of (mem) * bit following 
MSBof(mem):V<- 1 
MSB of (mem) = bit following 
MSBof(mem):V<-0 



110 1 



W 



2-4 



mod 



reg, CL temp <- CL, while temp * 0, 

repeat this operation, CY <- LSB of reg, 
reg <- reg -+- 2, MSBofreg «- CY, 
temp ♦- temp-1 



1 1 



1 w 



110 



reg 



1 1 



mem.CL temp •<- CL, while temp* 0, 

repeat this operation, CY +- LSB of (mem), " ~ ~ ~ 

/ \ / ^ r, ,,oo ti * ^, rnod 1 
(mem) <- (mem) -h 2, MSB of (mem) *- CY, 

temp *- temp-1 



1 W 



2-4 



reg, imm8 temp *- imm8, while temp* 0, 

repeat this operation, CY <- LSBofreg, 
reg <- reg h- 2, MSBofreg <- CY, 
temp <- temp-1 



110 W 



110 



reg 



mem,imm8 temp <- imm8, while temp* 0, 1 

repeat this operation, CY «- LSB of (mem) 
(mem) «- (mem) -h 2, 
temp <- temp-1 



10 W 



3-5 



mod 
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pPD70335 (V35 Plus) 




Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 32 10 


Bytes 


Flags 
AC CY V P S Z 


Rotate 



ROLC reg, 1 



tmpcy <- CY,CY <- MSB of reg, 
reg «- reg x 2 + tmpcy 
MSBofreg = CY:V<-0 
MSBofreg*CY:V«- 1 



110 1 



W 



1 1 



reg 



tmpcy <- CY, CY <- MSB of (mem) 
(mem) <- (mem) x2 + tmpcy 
MSBof(mem) = CY:V«-0 
MSBof(mem)*CY:V<- 1 



1 1 



W 2-4 



mod 



mem 



reg, CL 



temp •<- CL, while temp* 0, 
repeat this operation, tmpcy <-.CY, 
CY <- MSB of reg, reg «- reg x 2 + tmpcy, 
temp «- temp- 1 



110 1 



1 W 



110 1 



reg 



mem.CL temp *- CL, while temp *0, 

repeat this operation, tmpcy +- CY, 
CY<-MSBof(mem), 
(mem) <- (mem) x 2 + tmpcy, 
temp *- temp-1 



1 1 



1 W 2-4 



mod 



reg, imm8 temp «- imm8, while temp * 0, 

repeatthis operation, tmpcy ^ CY, 

CY <- MSB of reg, reg «- reg x 2 + tmpcy, 

temp <- temp-1 



1 1 



W 



110 1 



reg 



mem,imm8 temp <- imm8, while temp* 0, 

repeat this operation, tmpcy *- CY, 
CY«-MSBof(mem), 
(mem) <- (mem) x 2 + tmpcy 
temp <- temp-1 



110 W 3-5 
mod 1 mem 



RORC reg, 1 



tmpcy *- CY, CY «- LSBof reg, 

reg «- reg h- 2, MSB of reg <- tmpcy, 

MSBof reg * bit following 

MSB of reg: V ♦- 1 

MSB of reg - bit following 

MSBofreg:V'<-0 



110 1 



W 



1 1 



1 



reg 



mem, 1 tmpcy <- CY, CY +- LSB of (mem) , 

(mem) *- (mem) -r 2, 
MSB of (mem) <- tmpcy, 
MSB of (mem) * bit following MSB 
of (mem): V «- 1 

MSBof (mem) = bit following MSB 
of (mem): V +- 



110 1 W 2-4 



mod 1 



1 mem 



reg.CL temp <- CL, while temp* 0, 

repeat this operation, tmpcy <- CY, 
CY *- LSB of reg, reg <- reg ■■*■ 2, 
MSB of reg *- tmpcy, temp <- temp - 1 



1 1 



1 W 



1 1 



1 



reg 



mem.CL temp *- CL, while temp* 0, 

repeat this operation, tmpcy *- CY, 

CY <- LSB of (mem), (mem) «- (mem) -^ 2, 

MSB of (mem) <- tmpcy, temp «- temp - 1 



1 1 



1 W 2-4 



mod 1 



1 mem 



reg,imm8 temp <- imm8, while temp* 0, 

repeat this operation, tmpcy «- CY, 
CY <- LSBof reg, reg <- reg h- 2, 
MSB of reg <- tmpcy, temp *- temp - 1 



110 W 



110 1 



reg 



mem,imm8 temp «- imm8, while temp *0, 

repeat this operation, tmpcy *- CY, 

CY «- LSBof (mem), (mem) <- (mem) + 2, 

MSB of (mem) «- tmpcy, temp ♦- temp - 1 



110 W 3-5 



mod 1 



1 mem 
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NEC 



pPD70335 (V35 Plus) 



Instruction Set (cont) 


Mnemonic Operand 


Operation 


7 6 


Operation Code 

5 4 3 2 10 


Bytes 


AC 


Flags 
CY V P S Z 


Subroutine Control Transfer 


CALL near-proc 


(SP-1,SP-2)<-PC,SP<-SP-2, 
PC <- PC + disp 


1 1 


1 





1 





3 






regptr16 


(SP-1.SP-2) «- PC,SP +-SP-2, 
PC <- regptr16 


1 1 


1 


1 


1 


1 1 1 


2 








1 1 





1 





reg 




memptr16 


(SP-1.SP-2) <- PC, SP 4- SP-2, 
PC <- (memptr16) 


1 1 


1 


1 


1 


1 1 1 


2-4 








mod 





1 





mem 




far-proc 


(SP-1,SP-2)<-PS, 
(SP-3,SP-4)<-PC, 
SP «- SP-4, PS <- seg, PC <- offset 


1 





1 


1 


1 


5 







memptr32 (SP-1.SP-2) ♦- PS, 

(SP-3,SP-4)<-PC, 
SP *- SP-4, PS <- (memptr32 + 2), 
PC «- (memptr32) 



1111 



1111 



2-4 



mod 



RET 




PC *- (SP + 1 , SP), SP *- SP + 2 


1 


1 














1 


1 


1 






pop-value 


PC <- (SP + 1 , SP), 

SP «- SP + 2, SP *- SP + pop-value 


1 


1 














1 





3 








PC *- (SP + 1 , SP), PS <- (SP + 3, SP + 2), 
SP <- SP + 4 


1 


1 








1 





1 


1 


1 






pop-value 


PC *- (SP + 1 , SP), PS «- (SP + 3, SP + 2), 
SP *- SP + 4, SP «- SP + pop-value 


1 


1 








1 





1 





3 




Stack Manipulation 


PUSH 


mem16 


(SP-1.SP-2) «-(mem16), 
SP«-SP-2 


1 


1 


1 


1 


1 


1 


1 


1 


2-4 






mod 


1 


1 







mem 








reg 16 


(SP-1,SP-2)«-reg16,SP«-SP-2 





1 





1 







reg 




1 






sreg 


(SP-1 , SP-2) «- sreg, SP <- SP-2 











sreg 


1 


1 





1 






PSW 


(SP-1.SP-2) «- PSW,SP<-SP-2 


1 








1 


1 


1 








1 






R 


Push registers on the stack 





1 


1 

















1 






imm 


(SP-1,SP-2)+-imm, 

SP *- SP - 2, When S = 1 , sign extension 





1 


1 





1 





S 





2-3 




POP 


mem16 


(mem16) <- (SP + 1 , SP), SP <- SP + 2 


1 











1 


1 


1 


1 


2-4 






mod 













mem 








reg 16 


reg16 <- (SP + 1 , SP), SP <- SP + 2 





1 





1 


1 




reg 




1 






sreg 


sreg <- (SP + 1 , SP), sreg : SS, DSO, DS1 
SP<-SP + 2 











sreg 


1 


1 


1 


1 






PSW 


PSW <- (SP + 1 , SP), SP <- SP + 2 


1 








1 


1 


1 





1 


1 R R 


R R R R 




R 


Pop registers from the stack 





1 


1 














1 


1 




PREPARE 


imm16, imm8 


Prepare new stack frame 


1 


1 








1 











4 




DISPOSE 




Dispose of stack frame 


1 


1 








1 








1 


1 
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NEC 



Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


Branch 



BR 


near-label 


PC +- PC + disp 


1 1 1 





1 








1 


3 




short-label 


PC *- PC + ext-disp8 


1 1 1 





1 





1 


1 


2 




regptr16 


PC <- regptr16 


1 1 


1 


1 


1 


1 


1 


2 




1 1 










reg 








memptr16 


PC «- (memptr16) .. 


1 1 


1 


1 


1 


1 


1 


2-4 




mod 










mem 








far-label 


PS <- seg, PC «- offset 


1 1 





1 


0. 


1 





5 




memptr32 


PS <- (memptr32 + 2), 
PC *- (memptr32) 


1 1 


1 


1 


1 


1 


1 


2-4 




mod 





1 




mem 






Conditional Branch 




BV 


short-label 


. ifV = 1,PC<- PC + ext-disp8 


1 


1 














2 


BNV 


short-label 


if V = 0, PC <- PC + ext-disp8 


1 


1 











1 


2 


BC,BL 


short-label 


if CY = 1 , PC <- PC + ext-disp8 


1 


1 








1 





2 


BNC, BNL 


short-label 


if CY = 0, PC <- PC + ext-disp8 


1 


1 








1 


1 


2 


BE,BZ 


short-label 


if Z = 1 , PC «- PC + ext-disp8 


1 


1 





1 








2 


BNE, BNZ 


short-label 


if Z = 0, PC «- PC + ext-disp8 


1 


1 





1 





1 


2 


BNH 


short-label 


if CY OR Z = 1 , PC <- PC + ext-disp8 


1 


1 





1 


1 





2 


BH 


short-label 


if CY OR Z = 0, PC <- PC + ext-disp8 


1 


1 





1 


1 


1 


2 


BN 


short-label 


if S = 1 , PC «- PC + ext-disp8 


1 


1 













2 


BP 


short-label 


if S = 0, PC «- PC + ext-disp8 


1 


1 










1 


2 


BPE 


short-label 


if P = 1 , PC «- PC + ext-disp8 


1 


1 







1 





2 


BPO 


short-label 


if P = 0, PC <- PC + ext-disp8 


1 


1 







1 


1 


2 


BLT 


short-label 


if S XOR V = 1 , PC «- PC + ext-disp8 


1 


1 




1 








2 


BGE 


short-label 


if S XOR V = 0, PC «- PC + ext-disp8 


1 


1 




1 





1 


2 


BLE 


short-label 


if (S XOR V) OR Z = i , PC <- PC + ext-disp8 


1 


1 




1 


1 





2 


BGT 


short-label 


if (S XOR V) OR Z = 0, PC «- PC + ext-disp8 


1 


11111 2 


DBNZNE 


short-label 


CW<-CW-1 

if Z = and CW * 0, PC «- PC + ext-disp8 


1 1 

















2 


DBNZE 


short-label 


CWt-CW-1 

if Z = 1 and CW .* 0, PC <- PC + ext-disp8 


1 1 














1 


2 


DBNZ 


short-label 


CW<-CW-1 

if CW * 0, PC «- PC + ext-disp8 


1 1 


1 








1 





2 


BCWZ 


short- label 


if CW = 0, PC «- PC + ext-disp8 


1 1 











1 


1 


2 


BTCLR 


sfr, imm3, 
short-label 


if bit no. imm3 of (sfr) = 1 , 
PC «- PC + ext-disp8, 
bit no. imm3or(sfr) <- 





3 


1 


1 


1 


1 


5 




1 


D 1 


1 


1 
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Instruction Set (cont) 



Mnemonic Operand 



Operation 



Operation Code 
7 6 5 4 3 2 1 



Bytes 



Flags 
AC CY V P S Z 



Interrupt 



BRK 



imm8 
(*3) 



(SP-1.SP-2) «- PSW, 

(SP-3.SP-4) <- PS, 

(SP-5, SP-6) +- PC, SP <- SP-6, 

IE <- 0, BRK <- 0, 

PS «- (15, 14), PC <- (13, 12) 



110 



1 1 



(SP-1.SP-2) <- PSW, 

(SP-3,SP-4)-<-PS, 

(SP-5, SP-6) <- PC.SP <- SP-6, 

IE<-0,BRK «-0, 

PC •«-(nx4+ 1,nx4), 

PS *- (n x 4 + 3, n x 4 + 2) n = imm8 



110 



110 1 



BRKV 



WhenV=1 

(SP-1.SP-2) <- PSW, 

(SP-3.SP-4) <-PS, 

(SP-5, SP-6) *- PC, SP <- SP-6, 

IE<-0,BRK<-0, 

PS <- (19, 18), PC <- (17, 16) 



110 



1110 



RETI 



CHKIND reg16, 
mem32 



PC<-(SP + 1,SP), 
PS <- (SP + 3, SP + 2), 
PSW<-(SP + 5,SP + 4), 
SP <- SP + 6 



1111 



R R R 



RETRBI 


PC <- Save PC, PSW <- Save PSW 











1 


1 1 


1 


2 


R 


R 


R 


R 


R 


R 




1 





1 








1 




FINT 


Indicates that interrupt service routine 
to the interrupt controller built in the 
CPU has been completed 











1 


1 1 


1 


2 
















1 





1 





1 








When (mem32) > reg16 or 

(mem32 + 2) < reg16 

(SP-1.SP-2) <- PSW, 

(SP-3,SP-4)«-PS, 

(SP-5, SP-6) <- PC.SP «- SP-6, 

IE<-0,BRK*-0, 

PS v (23, 22), PC -(-(21,20) 



110 



1 



2-4 



mod 



reg 



CPU Control 


HALT 




CPU Halt 


1 


1 


1 


1 





1 








1 




STOP 




CPU Halt 














1 


1 


1 


1 


1 











1 


1 


1 


1 


1 







BUSLOCK 




Bus Lock Prefix 




1 


1 


1 














1 




FP01 


fp-op 


No Operation 




1 





1 


1 


X 


X 


X 


2 




(Notel) 




1 


Y 


Y 


Y 


z 


z 


z 






fp-op, mem 


data bus «- (mem) 




1 





1 


1 


X 


X 


X 


2-4 






mod 


Y 


Y 


Y 




mem 






FP02 


fp-op 


No Operation 





1 


1 








1 


1 


X 


2 




(Notel) 


1 


1 


Y 


Y 


Y 


z 


z 


z 






fp-op, mem 


data bus <- (mem) 





1 


1 








1 


1 


X 


2-4 






mod 


Y 


Y 


Y 




mem 







Notes: 

(1 ) Does not execute but does generate an interrupt. 
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Instruction Set (cont) 


Mnemonic Operand Operation 


Operation Code 
7 6 5 4 3 2 10 


Bytes 


Flags 
AC CY V P S Z 


CPU Control (cont) 



POLL 


Poll and Wait 


1 








1 1 





1 1 1 


NOP 


No Operation 


1 








1 





1 


Dl 


IE«-0 


1 


1 


1 


1 1 





1 1 


El 


IE<- 1 


1 


1 


1 


1 1 





1 1 1 


DS0;DS1; 


Segment Override Prefix 








1 


sreg 


1 


1 1 



PS.SS 



Register Bank Switching 



MOVSPA 














1 


1 


1 


2 












1 











1 




BRKCS reg16 














1 


1 


1 


3 












1 





1 





1 




MOVSPB reg16 














1 


1 


1 


3 






1 








1 








1 






1 


1 


1 


1 


1 


reg 






TSKSW reg16 














1 


1 


1 


3 


X x X X X X 




1 








1 














reg 
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pPD70327 (V25 Software Guard) 

16-Bit Microcomputer: 

Software-Secure, Single-Chip, CMOS 



Description 

The /aPD70327 (V25 Software Guard) is a high- 
performance, 16-bit, single-chip microcomputer with an 
8-bit external data bus. The /*PD70327 is fully software 
compatible with the ^PD70108/1 16 (V20®/30®) as well as 
the /APD70320/330 (V25™/35™). 

The jaPD70327 allows external executable code to be 
encrypted by a user-defined translation table. The 
/aPD70327 will automatically decode the encrypted op- 
codes internally before the instructions are moved into 
the instruction execution register. As a result, the 
juPD70327 offers identical performance to the standard 
V25 even during security mode operation. The security 
feature may be selected by hardware and/or software, 
and may be switched from one state to the other under 
software control. 

The /tPD70327 has the same complement of internal 
peripherals as the standard V25 and maintains compat- 
ibility with existing drivers. Other than the additional 
mode select pin, the /nPD70327 also maintains pin com- 
patibility with other members of the standard V25 family. 

Note:The electrical specifications of the V25 Software 
Guard and the standard V25 are the same. The instruc- 
tion sets are also the same except for (BRKS and BRKN 
added to control the Security and Normal operational 
modes. For electrical specifications and standard in- 
structions, refer to the /iPD70320/322 (V25) Data Sheet. 

Features 

a Security and normal operational modes 

n System clock speeds to 8 MHz (16-MHz crystal) 

n 16-bit CPU and internal data paths 

n Functional compatibility with V25 

n Software upward compatible with /aPD8086 

n New and enhanced V-Series instructions 

o 6-byte prefetch queue 

n Two-channel on-chip DMA controller 

n Minimum instruction cycle: 250 ns at 8 MHz 



e Internal 256-byte RAM memory 

n 1-megabyte memory address space; 64K-byte I/O 
space 

e Eight internal RAM-mapped register banks 

n Four multifunction I/O ports 

— 8-bit analog comparator port 

— 20 bidirectional port lines 

— Four input-only port lines 

n Two independent full-duplex serial channels 

e Priority interrupt controller 

— Standard vectored service 

— Register bank switching 

— Macroservice 

a Pseudo SRAM and DRAM refresh controller 

□ Two 16-bit timers 

a On-chip time base counter 

° Programmable wait state generator 

n Two standby modes: STOP and HALT 

Ordering Information 



Part Number 


Clock (MHz) 


Package 


juPCTJ327L-8-xxx 


8 


84-pin PLCC 


GJ-8-xxx 


8 


94-pin plastic QFP 



V20 and V30 are registered trademarks of NEC Corporation. 
V25 and V35 are trademarks of NEC Corporation. 



p PD70327 (V25 Software Guard) 



NEC 



Pin Configurations 
84-Pin PLCC 
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12 74 

13 73 


D PT7 
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14 72 


3 PT5 
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c 


15 71 


3 PT4 




D 3 


c 


16 70 


I] PT3 




D 4 


c 


17 69 


1 PT2 




D 5 


c 


18 68 


3 PT1 




D 6 


c 


19 67 


H PT0 




D 7 


c 


20 66 


3 P1 7 /READY 




A 


c 


21 65 


3 P16/SCK0 




A1 


c 


22 64 


3 PI5/TOUT 




A 2 
A3 




23 63 

24 62 


3 P1 4 /INT/POLL 
3 PI3/INTP2/INTAK 




A 4 
A5 




25 61 

26 60 


3 P1 2 /INTP1 
3 P1-|/INTP0 




A 6 


c 


27 59 


3 P1 /NMI 




A 7 


c 


.28 58 


3 P27/HLDRQ 




A 8 


c 


29 57 


3 P26/HLDAK 




Ag 


c 


30 56 


3 P25/TCI 




A10 


c 


31 55 


3 P24/DMAAKI 




A11 


c 


32 54 
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Notes: 






(1) Pin functions are identical to liPD70320. 






(2) All IC pins should be tied together and pulled up to V dd witn a 
10- to 20- kii resistor. 
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(1) Pin functions are Identical to U.PD70320. 

(2) All IC pins should be tied together and pulled up to V qd with a 
1 0- to 20-kIi resistor. 
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Pin Identification 



Symbol 


Function 


A0-A19 


Address bus output 


CTSO 


Clear to send channel input (Async mode); 
Receive clock input/output (I/O interface mode) 


CTST 


Clear to send channel 1 input 


D0-D7 


Bidirectional data bus 


IOSTB 


I/O read or write strobe output 


MREQ 


Memory request output 


MSTB 


Memory read/write strobe output 


N/5 


Normal mode/security mode select input 


POo-POe 


I/O port 


P0 7/ 
CLKOUT 


I/O port 0; System clock output 


PVNMI 


Port 1 input line; Nonmaskable interrupt input 


P1 r P1 2 /INTP0- 
INTP1 


Port 1 input lines; External interrupt input lines 


PI3/INTP2/INTAK 


Port 1 input line; External interrupt input line; 
Interrupt acknowledge output 


PI4/INT/POTC 


I/O port 1 


Interrupt request input; Poll input 


PI5/TOUT 


I/O port 1 


Timer out 


pvstjko 


I/O port 1 


Serial clock output 


PI7/READY 


I/O port 1 


Ready input 


P2o/DMARQ0 


I/O port 2 


DMA request input 


P2VDMAAK0 


I/O port 2 


DMA acknowledge output 


P2 2 /TC0 


I/O port 2 


DMA terminal count output 


P23/DMARQI 


I/O port 2 


DMA request 1 input 


P24/DMAAKI 


I/O port 2 


DMA acknowledge 1 output 


P25/TCT 


I/O port 2 


DMA terminal count 1 output 


P2e/HLDAK 


I/O port 2 


Hold acknowledge output 


P2 7 /HLDRQ 


I/O port 2 


Hold request input 


PT0-PT7 


Comparator port input lines 


REFRQ 


DRAM refresh pulse output 


RESET 


Reset input 


RxDO 


Serial receive data channel input 


RxD1 


Serial receive data channel 1 input 


R/W 


Read cycle/write cycle ID output 


TxDO 


Serial transmit data channel output 


TxD1 


Serial transmit data channel 1 output 


X1.X2 


Crystal connection terminals 


V D D 


+5-volt power supply; connect both pins 


Vth 


Threshold voltage input 


GND 


Ground reference; connect both pins 


IC 


Internal connection 



PIN FUNCTIONS 

Ao-A-ig (Address Bus) 

A0-A19 is the 20-bit address bus used to access all 
external devices. 

CLKOUT (System Clock) 

This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 



CTSn, RxDn, TxDn, SCKO (Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out) 

The two serial ports (channels and 1) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 

D0-D7 (Data Bus) 

Dn-D 7 is the 8-bit external data bus. 



DMARQn, DMAAKn, TCn (DMA Request, DMA 
Acknowledge, Terminal Count) 

These are the control signals to and from the on-chip 
DMA controller. 



HLDAK (Hold Acknowledge) 



The HLDAK output (active low) informs external devices 
that the CPU has released the system bus. 

HLDRQ (Hold Request) 

The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance stat us with intern al 4.7-kQ pullup resis- 
tors: A q-A 19 , D -D 7 , MREQ, R/W, MSTB, REFRQ, and 
IOSTB. 

INT (Interrupt Request) 

INT is a maskable, active-high, vectored interrupt re- 
quest . After assertion, external hardware must provide 
the interrupt vector number. 

The INT pin allows direct connection of slave ^PD71059 
interrupt controllers. 



INTAK (Interrupt Acknowledge) 



After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 
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INTP0-INTP2 (External Interrupt) 

INTP0-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. 



IOSTB (I/O Strobe) 



IOSTB is asserted during read and write operations to 
external I/O. 



MREQ (Memory Request) 



MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 



MSTB (Memory Strobe) 



MSTB (active low) is asserted during read and write 
operations to external memory. 

NMI (Nonmaskable Interrupt) 

NMI cannot be masked through software and is typically 
used for emergency processing. Upon execution, the 
interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 

N/S (N Mode/S Mode) 

Normal or security mode is selected by a fixed high level 
(N) or low level (S) at this pin. This pin is sampled at 
system reset. 

P0 -P0 7 (Port 0) 

PO0-PO7 are the lines of port 0, an 8-bit bidirectional 
parallel I/O port, specifiable by bit. 

PI0-PI7 (Port 1) 

The status of PI0-PI3 can be read but these lines are 
always control functions. P1 4 -P1 7 arethe remaining lines 
of parallel port 1 ; each line is individually programmable 
as either an input, an output, or a control function. 

P2 -P2 7 (Port 2) 

P2 -P2 7 are the lines of port 2, an 8-bit bidirectional 
parallel I/O port specifiable by bit. The lines can also be 
used as control signals for the on-chip DMA controller. 



POLL (Poll) 

Upon execution of the POLL instruction, the CPU checks 
the status of this pin and, if low, program execution 
continues. If high, the CPU checks the level of the line 



every five clock cycles until it is low. POLL can be used 
to synchronize program execution to external condi- 
tions. 

PT0-PT7 (Comparator Port) 

PT0-PT7 are inputs to the analog comparator port. 

READY (Ready) 

After READY is de-asserted low, the CPU synchronizes 
and inserts at least two wait states into a read or write 
cycle to memory or I/O. This allows the processor to 
accommodate devices whose access times are longer 
than nominal /xPD70325 bus cycles. 



RE FRQ (Refresh) 

This active-low output pulse can refresh nonstatic RAM. 
It can be programmed to meet system specifications 
and is internally synchronized so that refresh cycles do 
not interfere with normal CPU operation. 



RESET (Reset) 



A low on RES ET resets the CPU and all on-chip periph- 
erals. R ESET can also release the standby modes. After 
RESET returns high, program execution begins from 
address FFFFOH. 

R/W (Read/Write) 

R/W output allows external hardware to determine if the 
current operation is a read or a write cycle. It can also 
control the direction of bidirectional buffers. 

TOUT (Timer Out) 

TOUT is the square-wave output signal from the internal 
timer. 

X1 , X2 (Crystal Connections) 

The internal clock generator requires an external crystal 
across these terminals. By programming the PRC regis- 
ter, the system clock frequency can be selected as the 
oscillator frequency (fosc) divided by 2, 4, or 8. 

Vqd (Power Supply) 

Two positive power supply pins (Vdd) reduce internal 
noise. 
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Vjh (Threshold Voltage) 

The comparator port uses this pin to determine the 
analog reference point. The actual threshold to each 
comparator line is programmable to Vj H x n/16 where n 

= 1 to 16. 



GND (Ground) 

Two ground connections reduce internal noise. 

IC (Internal Connection) 

All IC pins should be tied together and pulled up to Vqd 
with a 10- to 20-kfl resistor. 



pPD70325 Block Diagram 



DMARQO 
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INTAK 
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FUNCTIONAL DESCRIPTION 

The following architectural enhancements enable the 
/aPD70327 to perform high-speed execution of instruc- 
tions. 

• Dual internal data bus 

• 16- and 32-bit temporary registers/shifters 

• 16-bit loop counter 

• Program counter and prefetch pointer 

Dual Data Bus 

The /iPD70327 has two internal 16-bit data buses, main 
and secondary. This reduces the processing time re- 
quired for addition/subtraction and logical comparison 
instructions by one third over single-bus systems. The 
dual data bus method allows two operands to be fetched 
simultaneously from the general-purpose registers and 
transferred to the ALU. 



16- and 32-Bit Temporary Registers/Shifters 

The 16-bit temporary registers/shifters (TA and TB) allow 
high-speed execution of multiplication/division and 
shift/rotate instructions. Using the temporary registers, 
the /aPD70327 can execute multiplication/division in- 
structions about four times faster than with the micro- 
programmed method. 

Loop Counter (LC) 

The dedicated hardware loop counter (LC) counts the 
number of iterations for string operations and the num- 
ber of shifts performed for multiple-bit shift/rotate in- 
structions. The loop counter works with internal dedi- 
cated shifters to speed the processing of multiplication/ 
division instructions. 

Program Counter and Prefetch Pointer 
(PC and PFP) 

The hardware PC addresses the memory location of the 
instruction to be executed next. The hardware PFP 
addresses the program memory location to be accessed 
by the instruction queued next. Several clock cycles are 
saved for branch, call, return, and break instructions. 
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Figure 1. pPD70327 Internal RAM Register Mapping 
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AH 
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CW 



DW 



BW 



DS1 



PS 



Save PC 



Vector PC 



Data Register 



Index Register 



Segment Register 



Register Set 

Figure 1 shows the eight banks of internal registers, 
which the ^iPD70327 maps into internal RAM. Each bank 
contains general-purpose registers, pointer and index 
registers, segment registers, and save areas for context 
switching. 

Although these memory locations may be accessed as 
normal RAM with the full set of memory addressing 
modes provided by the V25 family, the capability of 
context switching provides superior speed in register 
access. When used in the internal memory disabled 
state, many instructions execute considerably faster. 

The eight macroservice channel control blocks are 
mapped into register banks and 1. The jiPD70327 also 
maps the DMA control registers over macroservice 
channels and 1 within register bank 0. 

As a result of this mapping, interrupt priorities, register 
banks, and macroservice channels should be allocated 
from the lowest priority to the highest (that is, starting 



from bank/priority 7 and proceeding to bank priority 0). 
Be careful not to map user RAM locations and/or DMA or 
macroservice control registers into the same internal 
RAM locations. 

General-Purpose Registers. Four 16-bit general- 
purpose registers (AW, BW CW, and DW) can serve as 
16-bit registers or as four sets of dual 8-bit registers (AH, 
AL, BH, BL, CH, CL, DH, and DL). The instruction 
classes default to the following general-purpose regis- 
ters. 

AW Word multiplication/division, word I/O, data 

conversion. 
AL Byte multiplication/division, byte I/O, BCD 

rotation, data conversion, translation. 
AH Byte multiplication/division. 
BW Translation 

CW Loop control, branch, and repeat prefixes. 
CL Shift instructions, rotate instructions, BCD 

operations. 
DW Word multiplication/division, indirect I/O 

addressing. 
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Pointers and Index Registers. These registers are 16- 
bit base pointers (SP, BP) or index registers (IX, IY) in 
based addressing, indexed addressing, and based in- 
dexed addressing. They are used as default registers 
under the following conditions. 

SP Stack operations 

IX Block transfer (source), BCD string operations 
IY Block transfer (destination), BCD string 
operations 

Segment Registers. The segment registers divide the 
1M-byte address space into 64K-byte blocks. Each seg- 
ment register functions as a base address to a block; the 
effective address is an offset from that base. Physical 
addresses are generated by shifting the associated seg- 
ment register left by four binary digits and then adding 
the offset address. The segment registers and default 
offsets are listed below. 



Segment Register 
PS (Program Segment) 
SS (Stack Segment) 
DSO (Data Segment 0) 
DS1 (Data Segment 1) 



Default Offset 
PC (Program Counter) 
SP and Effective Address 
IX and Effective Address 
IY and Effective Address 



Save Registers. Save PC and save PSW are used as the 
storage areas during register bank context-switching 
operations. The Vector PC save location contains the 
effective address of the interrupt service routine when 
register bank switching is used to service interrupts. 

Program Counter. The PC is a 16-bit binary counterthat 
contains the offset address from the program segment of 
the next instruction to be executed. It is incremented 
every time an instruction is received from the queue. It is 
loaded with a new location whenever the branch, call, 
return, break, or interrupt is executed. 

Program Status Word. The PSW contains status and 
control flags used by the CPU and two general-purpose 
user flags. The configuration of this 16-bit register is 
shown below. 



15 














8 


MD 


RB2 


RB1 


RBO 


V 


DIR 


IE 


BRK 


7 

















s 


Z 


F1 


AC 


F0 


P 


BRKI 


CY 



Status Flags 


Control Flags 


V Overflow bit 


DIR 


Direction of string 


S Sign 




processing 


Z Zero 


IE 


Interrupt enable 


AC Auxiliary carry 


BRK 


Break (after every 


P Parity 




instruction) 


CY Carry 


RBn 


Current register 
bank flags 




BRKI 


I/O trap enable 




F0, F1 


General-purpose 
user flags (accessed 
by flag SFR) 




MD 


Normal/Security 
mode select 



The eight low-order bits of the PSW can be stored in 
register AH and restored using a MOV instruction. The 
only way to alter the RBn bits with software is to execute 
one of the special bank switch instructions. 

Memory Map 

The /tPD70327 has a 20-bit address bus that can directly 
access 1M-byte memory. Unlike the standard V25, the 
V25 Software Guard does not support internal ROM. 

The internal data area (IDA) is a 256-byte internal RAM 
area followed consecutively by a 256-byte special func- 
tion register (SFR) area. 

All the data and control registers for on-chip peripherals 
and I/O are mapped into the SFR area and accessed as 
RAM. 

The IDA is dynamically relocatable in 4K-byte increments 
by changing the value in the internal data base (IDB) 
register. The value in this register is assigned as the 
uppermost eight bits of the IDA address. The IDB register 
is accessed from two memory locations, FFFFFH and 
XXFFFH, where XX is the value in the IDB register. 

On reset, the internal data base register is set to FFH, 
which maps the IDA into the uppermost area of memory. 

In large-scale systems where internal RAM is not re- 
quired for data memory, internal RAM can be removed 
completely from the address space and dedicated en- 
tirely to registers and control functions such as mac- 
roservice and DMA channels. Clearing the RAMEN bit in 
the processor control register does this. When the RA- 
MEN bit is cleared, internal RAM can only be accessed 
by register addressing or internal control processes. 
Many instructions execute faster when internal RAM is 
disabled. 
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INSTRUCTIONS 

The V25 family instruction set is fully compatible with 
the V20 native mode. The V20 instruction set is a super- 
set of the j*PD8086/8088 instruction set with different 
execution times and mnemonics. 

The /aPD70327 does not support the V20 8080 emulation 
mode. All instructions pertaining to this mode have been 
deleted from the V25 family instruction set. 

Enhanced Instructions 

In addition to the basic V20 instruction set, the 
jnPD70327 supports numerous enhanced instructions, 
which together form the standard V-Series instruction 
set. These enhanced instructions are described in full in 
the V25/V35 User's Manual and are listed below. 



PUSH imm 


CHKIND 


PUSHR 


INM 


POPR 


OUTM 


MUL imm 


PREPARE 


SHL imm8 


DISPOSE 


ROL imm8 


ROR imm8 


ROLC imm8 


RORC imm8 



Unique Instructions 

The /iPD70327 supports a set of unique instructions, 
which are also discussed in the V25/V35 User's Manual. 
These instructions belong to one of the following groups: 
Variable Length Bit Field Operations, Packed BCD In- 
structions, Bit Manipulation Instructions, Repeat Pre- 
fixes, and Special V25 Family Register Bank Switching 
Instructions. 



INS 


EXT 


ADD4S 


CMP4S 


ROL4 


SET1 


TEST1 


ROR4 


CLR1 


NOT1 


BTCLR 


REPC 


REPNC 


BRKCS reg16 


TSKSW reg16 


MOVSPA 


MOVSPB 


RETRBI 



INTERRUPT STRUCTURE 

The /iPD70327 can service interrupts generated by both 
hardware and software. Software interrupts are serviced 
through vectored interrupt processing. The following 
interrupts are provided. 



Divide Error 
Overflow 
BRK imm8 
Escape Trap 



Single Step 
BRK3 

Array Bounds 
I/O Trap 



When executing software written for another system, it 
is preferable to implement I/O using the on-chip periph- 
erals. However, since the /*PD70327 peripherals are 
memory mapped, some software conversion may be 
required. This mapping strategy allows the internal pe- 
ripherals to be accessed using all standard addressing 
modes, including the advanced bit and bit-field manipu- 
lation instructions of the /uPD70327. Also, the I/O trap 
feature of the juPD70327 allows an easy hardware solu- 
tion to remapping external devices to internal jkPD70327 
peripherals. 

Interrupt Vectors 

Table 1 lists the interrupt vectors beginning at physical 
address OOH. External memory is required to service 
these routines. By servicing interrupts via the macroser- 
vice function or context switching, this requirement can 
be eliminated. 

Each interrupt vector is 4 bytes wide. To service a vector- 
ed interrupt, the lower addressed word is transferred to 
the PC and the upper word to the PS. The pseudocode 
for the vectored interrupt service overhead is shown 
below. 

(SP-1, SP-2) *- PSW 
(SP-3, SP-4) «- PS 
(SP-5, SP-6) "■«- PC 
SP *- SP-6 
IE«-0, BRK^-O 
PS «- vector high bytes 
PC <- vector low bytes 



Table 1. 


Interrupt Vectors 


Address 


Vector 


Assigned Use 


00 
04 
08 
OC 



1 
2 
3 


Divide error 

Break flag 

NMI 

BRK3 instruction 


10 
14 
18 
1C 


4 
5 
6 

7 


BRKV instruction 
CHKIND instruction 
General purpose 
FPO instructions 


20-2C 
30 
34 
38 


8-11 
12 
13 
14 


General purpose 

INTSER0 (Interrupt serial error, channel 0) 
INTSR0 (Interrupt serial receive, channel 0) 
INTST0 (Interrupt serial transmit, channel 0) 
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Table 1. Interrupt Vectors (cont) 



Table 2. Interrupt Sources 



Address 


Vector 


Assigned Use 


3C 


15 


General purpose 


40 


16 


INTSER1 (Interrupt serial error, channel 1) 


44 


17 


INTSR1 (Interrupt serial receive, channel 1) 


48 


18 


INTST1 (Interrupt serial transmit, channel 1) 


4C 


19 


I/O trap 


50 


20 


INTD0 (Interrupt from DMA, channel 0) 


54 


21 


INTD1 (Interrupt from DMA, channel 1) 


58 


22 


General purpose 


5C 


23 


General purpose 


60 


24 


INTP0 (Interrupt from peripheral 0) 


64 


25 


INTP1 (Interrupt from peripheral 1) 


68 


26 


INTP2 (Interrupt from peripheral 2) 


6C 


27 


General purpose 


70 


28 


INTTU0 (Interrupt from timer unit 0) 


74 


29 


INTTU1 (Interrupt from timer unit 1) 


78 


30 


INTTU2 (Interrupt from timer unit 2) 


7C 


31 


INTTB (Interrupt from time base counter) 


080-3FF 


32- 
255 


General purpose 



Hardware Interrupt Configuration 

The /aPD70327 features a high-performance on-chip con- 
troller capable of controlling multiple processing for 
interrupts from up to 17 different sources (5 external, 12 
internal). The interrupt configuration includes system 
interrupts that are functionally compatible with those of 
the V20/V30. In addition, two unique high-speed micro- 
controller interrupt servicing methods are available. 

Interrupt Sources 

The 17 interrupt sources are divided into groups for 
management by the interrupt controller. Using software, 
each of the groups can be assigned a priority from 
(highest) to 7 (lowest). The priority of individual inter- 
rupts within a group is fixed in hardware. If interrupts 
from different groups occur simultaneously and the 
groups have the same priority level, the priority followed 
will be as shown in the Default Priority column of table 2. 



Group 


Interrupt Source 
(Priority Within Group) 

1 2 3 


Default 
Priority 


Nonmaskable interrupt 


NMI 


- 


- 





Timer unit 


INTTU0 


INTTU1 


INTTU2 


1 


DMA controller 


INTD0 


INTD1 


- 


2 


External peripheral interrupt 


INTPO 


INTP1 


INTP2 


3 


Serial channel 


INTSER0 


INTSR0 


INTST0 


4 


Serial channel 1 


INTSER1 


INTSR1 


INTST1 


5 


Time base counter 


INTTB 


- 


- 


6 


Interrupt request 


INT 


- 


- 


7 



The priority of the currently active interrupt is stored in 
the ISPR special function register. Bits PR 7 -PR corre- 
spond to the eight possible interrupt request priority 
groups. The ISPR keeps track of the priority of active 
interrupts by setting the appropriate bit of this register. 
The address of this 8-bit register is xxFFCH, and the 
format is shown below. Again it is recommended that 
priorities be assigned starting with the lowest (pro- 
grammed to 6 or 7) and proceed up in priority to 
minimize the risk of overlapping macroservice and reg- 
ister bank switch interrupt service control blocks. 



PR? 


PR 6 


PR 5 


PR 4 


PR 3 


PR 2 


PR-I 


PR 



NMI and INT are system-type external vectored inter- 
rupts. NMI is not maskable by software. INT is maskable 
by the IE bit in the PSW and requires that an external 
device provide the interrupt vector number. It is designed 
to allow the interrupt controller to be expanded by the 
addition of an external interrupt controller such as the 
MPD71059. 

NMI, INTPO, and INTP1 are edge-sensitive inputs. By 
selecting the appropriate bits in the interrupt mode 
register, these inputs can be programmed to be either 
rising- or falling-edge triggered. Bits ES0-ES2 corre- 
spond to INTP0-INTP2, respectively, as shown in figure 
2. 
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Figure 2. External Interrupt Mode Register (INTM) 






ES2 





ES1 





ESO 





ESNMI 



Address xxF40H 



ES2 


INTP2 Input Effective Edge 




1 


Falling edge 
Rising edge 


ES1 


INTP1 Input Effective Edge 



1 


Falling edge 
Rising edge 


ESO 


INTPO Input Effective Edge 




1 


Falling edge 
Rising edge 


ESNMI 


NMI Input Effective Edge 



1 


Falling edge 
Rising edge 



Interrupt Processing Modes 

Interrupts, with the exception of NMI, INT, and INTTB 
have high-performance capability and can be processed 
in any of three modes: standard vector interrupt, register 
bank context switching and macroservice. The process- 
ing mode for a given interrupt can be chosen by enabling 
the appropriate bits in the corresponding interrupt re- 
quest control register. Each interrupt, except INT and 
NMI, has its own associated IRC register. The general 
format for each of these registers is shown in figure 3. 

All interrupt processing routines other than those for 
NMI and INT must end with the execution of the FINT 
instruction. Otherwise, subsequently, only interrupts of 
higher priority will be accepted. 

In the vectored service mode, the CPU traps to a vector 
location. 



Figure 3. Interrupt Request Control Registers 
(IRC) 



IF 


IMK 


MS/INT 


ENCS 





PR 2 


PR 1 


PRo 



IF 


Interrupt Flag 



1 


No interrupt request generated 
Interrupt request generated 


IMK 


Interrupt Mask 



1 


Open (interrupts enabled) 
Closed (interrupts disabled) 


MS/INT 


Interrupt Response Method 



1 


Vector interrupt or register bank switching 
Macroservice function 


ENCS 


Register Bank Switching Function 



1 


Not used 
Used 


PR 2 -PR 


Interrupt Group Priority (0-7) 




1 1 1 


Highest (0) 

1 
Lowest (7) 



Register Bank Switching. 

Register bank context switching allows interrupts to be 
processed rapidly by switching register banks. After an 
interrupt, the new register bank selected has the same 
bank number (0-7) as the priority programmed in the 
associated IRC register. The PC and PSW are automati- 
cally saved in the save areas of the new register bank, 
and the address of the interrupt routine is loaded from 
the vector PC storage register in the new register bank. 

As in the vectored mode, the IE and BRK bits in the PSW 
are cleared to zero. After interrupt processing, execution 
of the RETRBI instruction returns control to the original 
register bank and restores the former PC and PSW 
Figures 4 and 5 show register bank context switching 
and register bank return. 

This method of interrupt service offers a dramatic per- 
formance advantage over normal vectored service be- 
cause there is no need to store and retrieve data/ 
registers on the stack. This also allows hardware-based 
real-time task switching in high-speed environments. 

In addition to context switching, the /nPD70327 has a 
task switch opcode (TSKSW) that allows multiple inde- 
pendent processes to be internally resident. Figure 6 
shows the task switching function. 
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Figure 4. Register Bank Context Switching 



Figure 5. Register Bank Return 
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AW 
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AW 
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DW 


DW 


BW 


BW 


SP 


SP 


BP 


BP 


IX 


IX 


IY 


IY 


DS1 


DS1 


PS 


PS 


SS 


SS 


DSO 


DSO 


Save PC 






Save PC 






Save PSW 






Save PSW 












Vector PC 




PC 




Vector PC 






Reserved 








Reserved 




PSW 














83SL-68 














21A 





RBi 












RBj 






AW 


<^ 


AW 




CW 


CW 


DW 


DW 


BW 


BW 


SP 


SP 


BP 


BP 


IX 


IX 


IY 


IY 


DS1 


DS1 


PS 


PS 


SS 


SS 


DSO 


DSO 


Save PC 






Save PC 






Save PSW 






Save PSW 












Vector PC 


-> 


PC 




Vector PC 


Reserved 








Reserved 




PSW 














83SL-68 














22A 
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Figure 6. Task Switching 
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AW 


c=> 


AW 




CW 


CW 


DW 


DW 


BW 


BW 


SP 


SP 


BP 


BP 


IX 


IX 


IY 


IY 


DS1 


DS1 


PS 


PS 


SS 


SS 


DSO 








DSO 


Save PC 




PC 




Save PC 






Save PSW 








Save PSW 




PSW 




Vector PC 


Vector PC 








Reserved 


RB t_ Reg 16 


Reserved 






RBRe( 


jister DanK 
ield 




B3SL-M 


23A 



Macroservice Function 

The macroservice function (MSF) is a special micropro- 
gram that acts as an internal DMA controller between 
on-chip peripherals (special-function registers, SFR and 
memory. The MSF greatly reduces software overhead 
and CPU time that other processors would require for 
register save processing, register returns, and other 
handling associated with interrupt processing. 

If the MSF is selected for a particular interrupt, each time 
the request is received, a byte or word of data is trans- 
ferred between an SFR and memory without interrupting 
the CPU. Each time a request occurs, the macroservice 
counter is decremented. When the counter reaches zero, 
an interrupt to the CPU is generated. The MSF also has 
a character search option. When selected, every byte 
transferred is compared to an 8-bit search character and 
an interrupt is generated if a match occurs or if the 
macroservice counter reaches zero. 

Like the NMI, INT, and INTTB, the two DMA controller 
interrupts (INTDO and INTD1) do not have MSF capabil- 
ity. 

Eight 8-byte macroservice channels are mapped into 
internal RAM from XXEOOH to XXE3FH. Each macro- 
service channel contains all necessary information to 
execute the macroservice process. Figure 7 shows the 
components of each channel. 

Figure 7. Macroservice Channels 



J 


i 






Uptc 


3FH 


xxE08H 

M.S. Channel 

xxEOOH (INTERNALRAM) 


MSS 


MSP 


RESERVED 


SCHR 


SFRP 


MSC 




< 16 Bits > 

MSS = Macroservice segment 




MSP = Macroservice pointer 




SCHR = Search character 




SFRP = Special function register 
pointer 




MSC = Macroservice counter 


83SL-7085A 
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Setting the macroservice mode requires programming 
the corresponding macroservice control register. Each 
individual interrupt, excluding INT, NMI, serial error, 
DMA, and TBC, has its own associated MSC register. 
Figure 8 shows the generic format for all MSC registers. 

Figure 8. Macroservice Control Registers 
(MSC) 



MSM 2 


MSM 1 


MSM 


DIR 





CH 2 


CHi 


CH 


7 







MSM 2 -M 


SM 


Macroservice Mode 




1 

1 




Normal (8-bit transfer) 
Normal (16-bit transfer) 
Character search (8-bit transfer) 
Other combinations are not allowed. 


DIR 




Data Transfer Direction 




1 




Memory to SFR 
SFR to memory 


CH2-CH0 




Macroservice Channel 




1 1 1 




Channel 

i 
Channel 7 



TIMER UNIT 

The /iPD70327 (figure 9) has two programmable 16-bit 
interval timers (TM0 and TM1) on chip, each with vari- 
able input clock frequencies. Each of the two 16-bit timer 
registers has an associated 16-bit modulus register 
(MD0 and MD1). Timer operates in the interval timer 
mode or one-shot mode; timer 1 has only the interval 
timer mode. 

Interval Timer Mode 

In this mode, TM0/TM1 are decremented by the selected 
input clock, and, after counting out, the registers are 
automatically reloaded from the modulus registers and 
counting continues. Each time TM1 counts out, inter- 
rupts are generated through TF1 and TF2 (timer flags 1 
and 2). When TM0 counts out, an interrupt is generated 
through TF0. The timer-out signal can be used as a 
square-wave output whose half-cycle is equal to the 
count time. 

Two input clocks derived from the system clock are 
SCLK/6 and SCLK/128. Typical timer values shown be- 
low are based on fosc = 1 MHz and fscLK = fosc/ 2 - 



Clock 

SCLK/6 

SCLK/128 



Timer Resolution 
1.2 /as 
25.6 us 



Full Count 
78.643 /is 
1.678 s 



Figure 9. Timer Unit Block Diagram 



MD1 
(16) 



f SCLK 

i divided by I 

'I 

128 I 



12 
128 



6 

12 
128 



X? 



TM1 
(16) 



MDO 
(16) 



TF1 



\7 



TM0 
(16) 



Output 
Control 



0" 



One-Shot Mode 

In the one-shot mode, TM0 and MDO operate as indepen- 
dent one-shot timers. Starting with a preset value, each 
is decremented to zero. At zero, counting ceases and an 
interrupt is generated by TF0 (from TM0) or TF1 (from 
MDO). 

When TM0 is programmed to one-shot mode, TM1 may 
still operate in interval mode. 

Two input clocks derived from the system clock are 
SCLK/12 and SCLK/128. Typical timer values shown 
below are based on fosc = 10 MHz and f scLK = f osc/ 2 - 



Clock 

SCLK/12 

SCLK/128 



Timer Resolution 
2.4 us 
25.6 /as 



Full Count 
157.283 ms 
1.678 s 



Timer Control Registers 

Setting the desired timer mode requires programming 
the timer control register. See figures 10 and 11 for the 
TMC register format. 
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Figure 10. Timer Control Register (TMCO) 



TSO 


TCLKO 


MSO 


MCLKO 


ENTO 


ALV 


MOD-, 


MOD 



Address xxF90H 



TSO 


TMO in Either Mode 




1 


Stop countdown 
Start countdown 


MOD-, 


MOD TCLKO TMO Register Clock Frequency 








fscLK/6 (Interval) 

1 fsci_K/128 (Interval) 

1 ° f scLK/ 12 (One-shot) 

1 1 *SCLk/128 (One-shot) 


MSO 


MDO Register Countdown (One-Shot Mode) 




1 


Stop 
Start 


MCLKO 


MDO Register Clock Frequency 



1 


fsCLK/12 
fsCLK/128 


ENTO 


TOUT Square-Wave Output 




1 


Disable 
Enable 


ALV 


TOUT Initial Level When TOUT Disabled by ENTO = 



1 


Low 
High 


MOD 1 


MOD Timer Unit Mode 





1 


Interval timer 

1 One-shot 
X Reserved 



Figure 11. Timer Control Register 1 (TMC1) 



TS1 


TCLK1 





















Address xxF91H 



TS1 



Timer 1 Countdown 



Stop 
Start 



TCLK1 



Timer 1 Clock Frequency 



f SCLK/6 
fsCLK/128 



TIME BASE COUNTER 

The 20-bit free-running time base counter (TBC) controls 
internal timing sequences and is available to the user as 
the source of periodic interrupts at lengthy intervals. One 
of four interrupt periods can be selected by program- 
ming the TBO and TB1 bits in the processor control 
register (PRC). The TBC interrupt is unlike the others 
because it is fixed as a level 7 vectored interrupt. 



Macroservice and register bank switching cannot be 
used to service this interrupt. See figures 12 and 13. 

Figure 12. Time Base Interrupt Request 
Control Register (TBIC) 



TBF 


TBMK 











1 


1 


1 



Address xxFECH 



TBF 



Time Base Interrupt Flag 



No interrupt generated 
Interrupt generated 



TBMK 



Time Base Interrupt Mask 



Unmasked 
Masked 



Figure 13. Processor Control Register (PRC) 






RAMEN 








TBi 


TB 


PCr^ 


PCKq 



Address xxFEBH 



RAMEN 




Built-in RAM 



1 




Disable 
Enable 


TBt 


TB 


Time Base Interrupt Period 




1 
1 



1 


1 


2 10 /f S CLK 
2 13 /f S CLK 
2 16 /f S CLK 
2 2 °/f S CLK 


PCK t 


PCKq 


System Clock Frequency (tclk) 





1 
1 



1 


1 


f0SC/2 
fosc/ 4 
f0Sc/8 
Reserved 



The RAMEN bit in the PRC register allows the internal 
RAM to be removed from the memory address space to 
implement faster instruction execution. 

The TBC (figure 14) uses the system clock as the input 
frequency. The system clock can be changed by pro- 
gramming the PCKO and PCK1 bits in the processor 
control register (PRC). Reset initializes the system clock 
to fosc/ 8 (fosc = external oscillator frequency). 
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Figure 14. Time Base Counter (TBC) Block 
Diagram 



SCLK *> 



6 
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6 
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REFRESH CONTROLLER 

The /xPD70327 has an on-chip refresh controller for 
dynamic and pseudostatic RAM memory. The refresh 
controller generates refresh cycles between the normal 
CPU bus cycles according to the refresh specifications 
programmed. 

The refresh controller outputs a 9-bit refresh address on 
address bits As-Aq during the refresh bus cycle. Address 
bits Aig-Ag are fixed to 0s during this cycle. The 9-bit 
refresh address is automatically incremented at every 
refresh cycle for 512 row addresses. The 8-bit refresh 
mode (RFM) register (figure 15) specifies the refresh 
operation and allows refresh during both CPU HALT and 
HOLD m odes. Refresh cycles are automatically timed to 
REFRQ following read/write cycles to minimize the ef- 
fect on system throughput. 



The following shows the REFRQ pin level in relation to 
bits 4 (RFEN) and 7 (RFLV) of the refresh mode register 



RFEN 


RFLV 



REFRQ Level 











1 


1 


1 








1 


1 


Refresh pulse output 



Figure IS. Refresh Mode Register (RFM) 
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HLDRF 
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RFW! 
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RFT-, 


RFT 



Address xxFETH 





RFEN 




RFLV 


REFRQ Output Signal Level 



1 


1 





1 
1 



1 

o 

Refresh pulse 


HLDRF 




Automatic Refresh Cycle In HOLD Mode 



1 




Disabled 
Enabled 


HLTRF 




Automatic Refresh Cycle in HALT Mode 



1 




Disabled 
Enabled 


RFEN 




Automatic Refresh Cycle 



1 




Refresh pin = RFLV 
Refresh enabled 


RFWt 


RFW 


No. of Wait States Inserted in Refresh Cycle 





1 
1 




1 



1 



.1 
2 
2 


RFT, 


RFT 


Refresh Period 





1 
1 



1 

1 


16/SCLK 
32/SCLK 
64/SCLK 
128/SCLK 



SERIAL INTERFACE 

The /tPD70327 has two full-duplex UARTs, channels 
and 1. Each channel (figure 16) has a transmit line 
(TxDn), a receive line (RxDn), and a clear-to -send (CTSn) 
handshaking line. Communication is synchronized by a 
start bit, and either even, odd, or no parity may be 
programmed. Character length may be programmed to 
either 7 or 8 bits, and either 1 or 2 stop bits. 

Each serial channel of the juPD70327 has a dedicated 
baud rate generator, so there is no need to obligate any 
of the on-chip timers to handle this function. The baud 
rate generators allow individual transfer rates for each 
channel and support rates up to 1.25 Mb/s. All standard 
baud rates are available and are not restricted by the 
value of the particular external crystal. 

Each baud rate generator has an 8-bit data register 
(BRGn) that functions as a prescaler to a programmable 
input clock selected by the serial communication control 
register (SCCn). Together these must be set to generate 
a frequency equivalent to the desired baud rate. 
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The baud rate generator can be programmed to obtain 
the desired transmission rate according to the following 
formula: 

SCLK x 106 



Figure 16. Serial Interface Block Diagram 



BxG = 
where: 



■>n + 1 



B = baud rate 

G = baud rate generator register (BRGn) value 

n = input clock specification; the value loaded into 

the SCCn register (n = to 8) 
SCLK = system clock frequency (MHz) 

Based on the above formula, the following table shows 
the baud rate generator values used to obtain standard 
transmission rates when SCLK = 5 MHz. 



Baud Rate 


n 

7 


BRGn 


Error (%) 


110 


178 


0.25 


150 


7 


130 


0.16 


300 


6 


130 


0.16 


600 


5 


130 


0.16 


1200 


4 


130 


0.16 


2400 


3 


130 


0.16 


4800 


2 


130 


0.16 


9600 


1 


130 


0.16 


19.2k 





130 


0.16 


38.4k 





65 


0.16 


1.25M 





2 


0.00 



In addition to the asynchronous mode, channel has a 
synchronous I/O interface mode. In this mode, each bit 
of data transferred is synchronized to a serial clock 
(SCLK0). This mode is compatible with the jaCOM75 and 
/aCOM87 series, and allows direct interfacing to these 
devices. 

Figures 17, 18, and 19 show the three serial communica- 
tion registers: SCM, SCC, and SCE. 
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Figure 17. Serial Communication Mode Registers 
(SCM) 



TxRDY RxB PRTY1 PRTYO CLTSK 3LRSCH MD1 MDO 



Figure 18. Serial Communication Control 
Register (SCC) 
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Int clock output on CTS1 (I/O intfc) 


MD1-MD0 


Mode 




1 

1 X 


I/O interface (Note 2) 

Asynchronous 

Reserved 



PRS3-PRS0 Baud Rate Generator Input Clock Frequency 



Notes: 

(1) Parity is during transmit and ignored during receive. 

(2) I/O interface mode only. 

(3) Channel only. 
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Figure 19. Serial Communications Error Register 
(SCE) 



RxDn 














ERP 


ERF 


ERO 



RxDn 


Receive Terminal State 


0, 1 


Status of RxD pin 


ERP 


Parity Error Flag 



1 


No error 

Transmit and receive parity are different 


ERF 


Framing Error Flag 



1 


No error 

Stop bit not detected 


ERO 


Overrun Error Flag 




1 


No error 

Data is received before receive buffer outputs previous 

data 



DMA CONTROLLER 

The j*PD70327 has a two-channel, on-chip Direct Mem- 
ory Access (DMA) controller/This allows rapid data 
transfer between memory and auxiliary devices. The 
DMA controller supports four modes of operation, two 
for memory-to-memory transfers and two for I/O to 
memory; in all cases, transfer direction is programma- 
ble. 

Memory-to-Memory Transfers 

In the single-step mode, a single DMA request will 
commence the alternation of one DMA cycle with one 
CPU cycle until the prescribed number of transfers 
(terminal count) is reached. Interrupts are accepted 
while in this mode. 
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Alternatively, in the burst .mode, one DMA request 
causes DMA transfer cycles to continue consecutively 
until the DMA terminal count decrements to zero. Soft- 
ware can initiate memory-to-memory transfers. 

l/O-to-Memory Transfers 

The single transfer mode will yield exactly one DMA 
transfer per DMA request. After the transfer, the bus is 
returned to the CPU. Alternatively, in demand release 
mode, the rising edge of DMARQ enable DMA cycles 
which continue while the DMA request remains active. 

DMA Registers 

Figures 20 and 21 show the DMA mode registers (DMAM) 
and the DMA address control registers (DMAC) . 

In all modes, the TC (Terminal Count) output pin will 
pulse low and a DMA end-of-service interrupt request 
will be internally generated after the programmed num- 
ber of transfers have been completed. The bottom of 
internal RAM contains all the necessary address infor- 
mation for the designated DMA channels. The DMA 
channel mnemonics are as follows. 

TC Terminal count 

SAR Source address register 

SARH Source address register high 

DAR Destination address register 

DARH Destination address register high 

Figure 20. DMA Mode Registers (DMAM) 



Figure 21. DMA Address Control Registers 
(DMAC) 
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Transfer Mode 







000 
001 
010 
01 1 

100 
101 
1 10 

'1 1 1 



Single-step (memory to memory) 
Demand release (I/O to memory), 
Demand release (memory to I/O) 
Reserved 

Burst (rnemory to memory) 
Single-transfer (I/O to memory) 
Single-transfer (memory to I/O) 
Reserved 



w 




Transfer Method 




1 




Byte transfer 
Vtord transfer 


EDMA 


TDMA 


Transfer Condition 



1 
1 





1 


Disabled 

Maintain condition 
Start DMA transfer 









PD1 


PD 








PS1 


PS 


7 







PD-|-PD Destination Address Offset 


No modification 

1 Increment 

10 Decrement 

11 No modification 


PS1-PS0 Source Address Offset 


No modification 

1 Increment 

1 Decrement 
1 1 No modification 



These control registers (figure 22) are mapped into the 
same area of register bank as the macroserviee control 
block registers. These macroserviee channels should 
not be used when the DMA controller is active. 

The DMA controller generates the physical source and 
destination addresses by offsetting Address High regis- 
ter 12 bits to the left and then adding the Address 
register. The source and destination address registers 
can be programmed to increment or decrement indepen- 
dently for DMA operation. 

When the EDMA bit is set, the internal DMARQ flag is 
cleared. Therefore, subsequent requests are recognized 
only after the EDMA bit has been set. 

Figure 22. DMA Channels 
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PARALLEL I/O PORTS 

Ports P0,P1, P2. 

The /aPD70327 has three 8-bit parallel I/O ports: PO, P1, 
and P2. Associated registers are shown in figures 23, 24, 
and 25. Special-function register (SFR) locations can 
access these ports as memory. The port lines are indi- 
vidually programmable as inputs or outputs. Many of the 
port lines have dual functions as port or control lines. 

Use the associated port mode control (PMC) and port 
mode (PM) registers to select the function for a given I/O 
line. 

Figure 23. Port Registers (PMCO, PMO) 



PMC0 7 























7 PMCO Register 





PMO7 


PM0 6 


PMO5 


PMO4 


PMO3 


PM0 2 


PMO! 


PM0 



PMO Register 





PMC07 = 1 


PMCO7 


= 


Port Pin 


PMO n = 1 


PMO n = 


P0 7 


CLKOUT 


Input port 


Output port 


P0 6 


- 


Input port 


Output port 


PO5 


- 


Input port 


Output port 


P0 4 


- 


Input port 


Output port 


P0 3 


- 


Input port 


Output port 


P0 2 


- 


Input port 


Output port 


P01 


- 


Input port 


Output port 


POo 


- 


Input port 


Output port 



Figure 24. Port 1 Registers (PMC1, PM1) 



PMC1 7 


PMC1 6 


PMC1 5 


PMCI4 


PMCI3 











7 PMC1 Register 









PM1 7 


PM1 6 


PMI5 


PMI4 


1 


1 


1 


1 



PM1 Register 





PMCI7 = 1 


PMC1„ 


= 


Port Pin 


PM1 n = 1 


PM1 n = 


P17 


READY Input 


Input port 


Output port 


Pie 


SCKO output 


Input port 


Output port 


P1 5 


TOUT output 


Input port 


Output port 


PU 


INT input 


POTL input 


Output port 


P1 3 


I NTAK output 


INTP2 input 


- 


P1 2 


- 


INTP1 input 


- 


P1i 


- 


INTPO input 


- 


P1 


- 


NMI input 


- 



Figure 25. Port 2 Registers (PMC 2, PM2) 
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PM2 5 


PM2 4 


PM2 3 


PM2 3 
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HLDRQ input 


Input port 


Output port 


P2 6 


HLDAK output 


Input port 


Output port 


P2 5 


TUT output 


Input port 


Output port 


P2 4 


DMAAK1 output 


Input port 


Output port 


P2 3 


DMARQ1 input 


Input port 


Output port 


P2 2 


TCO output 


Input port 


Output port 


P2i 


DMAAKO output 


Input port 


Output port 


P2 


DMARQO input 


Input port 


Output port 



Port PT 

The analog comparator port (PT) compares each input 
line to a reference voltage. The reference voltage can be 
programmed to the V TH input x n/16, where n = 1 to 16. 
See figure 26. 
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Figure 26. Port T Mode Register (PUT) 



Figure 27. Programmable Wait State Generation 
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1 


1 
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1 


1 
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8/16 


1 











9/16 


1 








1 


10/16 


1 





1 





11/16 


1 





1 


1 


12/16 


1 


1 








13/16 


1 


1 





1 


14/16 


1 


1 


1 





15/16 


1 


1 


1 


1 



PROGRAMMABLE WAIT STATES 

You can generate wait states internally to further reduce 
the necessity for external hardware. Insertion of these 
wait states allows direct interface to devices whose 
access times cannot meet the CPU read/write timing 
requirements. 

When using this function, the entire 1 megabyte of 
memory address space is divided into 128K-blocks. Each 
block can be programmed for zero, one, or two wait 
states, or two plus those added by the external READY 
signal. The top two blocks are programmed together as 
one unit. 

The appropriate bits in the wait control word (WTC) 
control wait-state generation. Programming the upper 
two bits in the wait control word sets the wait-state 
conditions for the entire I/O address space. Figure 27 
shows the memory map for programmable wait-state 
generation. 

Figure 28 diagrams the wait control word. Note that 
READY pin control is enabled only when two internally 
generated wait states are selected by the "1 1 " option. 













49-001 351 A 


FFFFFH 
C0000H 

40000H 

20000H 
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Figure 28. Wait Control Word (WTC) 
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Block 
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Block 
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Block 
50 


Block 
41 


Block 
40 


7 




Wait Control, High 







Block 
31 


Block 
30 


Block 
21 


Block 
20 


Block 
11 


Block 
10 


Block 
01 


Block 
00 



Wait Control, Low 



Wait States 


Block nl 


Block nO 











1 1 


2 


1 





2 or more (external control via READYpin) 


1 


1 



n = thru 6 

STANDBY MODES 

The two low-power standby modes are HALT and STOP. 
Both modes are entered under software control. 

HALT Mode 

In HALT mode, the CPU is inactive and thus the chip 
consumes much less power than when fully operational. 
The external oscillator remains functional and all inter- 
nal peripherals are active. Internal status and output 
port line conditions are maintained. Any unmasked in- 
terrupt can release this mode. In the El state, interrupts 
are processed subsequently in vector mode. In the Dl 
state, program execution is restarted with the instruc- 
tion following the HALT instruction. 

STOP Mode 

The STOP mode allows the largest power reduction 
while maintaining internal RAM. The oscillator is 
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stopped, halting the CPU as well as all internal periph- 
erals. Internal status is maintained. Only a reset or NMI 
can release this mode. 

A standby flag in the SFR area is reset by rises in the 
supply voltage. Its status is maintained during normal 
operation and standby. The STBC register (figure 29) is 
not initialized by RESET. Use the standby flag to deter- 
mine whether program execution is returning from 
standby or from a cold start by setting this flag before 
entering STOP mode. 



Figure 29. Standby Register (S TBC) 
























SBF 


7 




Address xxFEOH 







SBF 




Standby Flag 







1 




No changes in Vno (standby) 
Rising edge on V DD (cold start) 







SPECIAL-FUNCTION REGISTERS 

Table 3 shows the special function register mnemonic, 
type, address, reset value, and function. The 8 high-order 
bits of each address (xx) are specified by the IDB 
register. 

SFR area addresses not listed in table 3 are reserved. If 
read, the contents of these addresses are undefined, and 
any write operation will be meaningless. 



Table 3. 


Special Function Registers 








Name 


Byte/Word 


Address 


Reset Value (Note 2) 


R/W (Note 1) 


Function 


PO 


B 


xxFOOH 




RAV 


PortO 


PMO 


B 


xxFOIH 


FFH 


W 


Port mode control 


P1 


B 


xxF09H 


00H 




RAV Port 1 


PM1 


B 


xxF09H 


FFH 


W 


Port mode 1 


PMC1 


B 


xxFOAH 


00H 


W 


Port mode control 1 


P2 


B 


xxFIOH 




RAV 


Port 2 


PM2 


B 


xxF11H 


FFH 


W 


Port mode 2 


PMC2 


B 


xxF12H 


00H 


W 


Port mode control 2 


PT 


B 


xxF38H 




R 


PortT 


PMT 


B 


xxF3BH 


00H 


R/W 


Port mode T 


INTM 


B 


xxF40H 


00H 


RAV 


Interrupt mode 


EMSO 


B 


xxF44H 




RAV 


External interrupt macro service 


EMS1 


B 


xxF45H 




RAV 


External interrupt macro service 1 


EMS2 


B 


XXF46H 




RAV 


External interrupt macro service 2 


EXICO 


B 


xxF4CH 


47H 


RAV 


External interrupt control 


EXIC1 


B 


xxF4DH 


47H 


RAV 


External interrupt contol 1 


EXIC2 


B 


XXF4EH 


47H 


RAV 


External interrupt control 2 


RXBO 


B 


xxF60H 




R 


Receive buffer 


TXBO 


B 


xxF62H 




W 


Transfer buffer 


SRMSO 


B 


xxF65H 




RAV 


Serial receive macro service 


STMS1 


B 


xxF66H 




RAV 


Serial transmit macro service 1 


SCMO 


B 


xxF68H 


OOH 


RAV 


Serial communication mode 


SCCO 


B 


xxF69H 


00H 


R/W 


Serial communication control 


BRGO 


B 


xxF6AH 


OOH 


RAV 


Baud rate generator 


SCEO 


B 


XXF6BH 


OOH 


R 


Serial communication error 


SEICO 


B 


xxF6CH 


47H 


R/W 


Serial error interrupt control 
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Table 3. 


Special Function Registers (cont) 








Name 


Byte/Word 


Address Reset Value (Note 2) 


R/W (Note 1) 


Function 


SRICO 


B 


xxF6DH 


47H 


R/W 


Serial receive interrupt control 


STICO 


B 


xxF6EH 


47H 


R/W 


Serial transmit interrupt control 


RXB1 


B 


xxF70H 




R 


Receive buffer 1 


TXB1 


B 


xxF72H 




W 


Transmit buffer 1 


SRMS1 


B 


XXF75H 




R/W 


Serial receive macro service 1 


STMS1 


B 


xxF76H 




R/W 


Serial transmit macro service 1 


SCM1 


B 


xxF78H 


00H 


R/W 


Serial communication mode 1 


SCC1 


B 


XXF79H 


00H 


R/W 


Serial communication control 1 


BRG1 


B 


xxF7AH 


00H 


R/W 


Baud rate generator register 1 


SCE1 


B 


xxF7BH 


00H 


R 


Serial communication error 1 


SELIC1 


B 


xxF7CH 


47H 


R/W 


Serial error interrupt control 1 


SRIC1 


B 


xxF7DH 


47H 


R/W 


Serial receive interrupt control 1 


STIC1 


B 


xxF7EH 


47H 


R/W 


Serial transmit interrupt control 1 


TMO 


W 


XXF80H 




R/W 


Timer register 


TMOL 


B 


XXF80H 




R/W 


Timer register low 


TMOH 


B 


xxF81H 




R/W 


Timer register high 


MDO 


W 


xxF82H 




R/W 


Modulo register 


MDOL 


B 


xxF82H 




R/W 


Modulo register low 


MDOH 


B 


XXF83H 




R/W 


Modulo register high 


TM1 


W 


xxF88H 




RAW 


Timer register 1 


TM1L 


B 


XXF88H 




RAV 


Timer register 1 low 


TM1H 


B 


xxF89H 




RAV 


Timer register 1 high 


MD1 


W 


xxF8AH 




R/W 


Modulo register 1 


MD1L 


B 


xxF8AH 




R/W 


Modulo register 1 low 


MD1H 


B 


XXF98BH 




RAV 


Modulo register 1 high 


TMCO 


B 


XF90H 


OOH 


RAV 


Timer control 


TMC1 


B 


xxF91H 


OOH 


RAV 


Timer control 1 


TMMSO 


B 


xxF94H 




RAV 


Timer macro service 


TMMS1 


B 


XXF95H 




RAV 


Timer macro service 1 


TMMS2 


B 


xxF96H 




RAV 


Timer macro service 2 


TMICO 


B 


XXF9CH 


47H 


RAV 


Timer interrupt control 


TMIC1 


B 


xxF9DH 


47H 


RAV 


Timer interrupt control 1 


TMIC2 


B 


xxF9EH 


47H 


R/W 


Timer interrupt control 2 


DMACO 


B 


xxFAOH 




RAV 


DMA control 


DMAMO 


B 


xxFAIH 




R/W 


DMA mode 


DMAC1 


B 


xxFA2H 




R/W 


DMA control 1 


DMAM1 


B 


xxFA3H 


OOH 


RAV 


DMA mode 1 


DICO 


B 


xxFACH 


47H 


RAV 


DMA interrupt control 


DIC1 


B 


xxFADH 


47H 


RAV 


DMA interrupt control 1 


STBC 


B 


xxFEOH 




RAV 


Standby control 


RFM 


B 


xxFEIH 


FCH 


RAV 


Refresh mode 
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Table 3. 


Special Function Registers (cont) 








Name 


Byte/Word 


Address 


Reset Value (Note 2) 


R/W (Note 1) 


Function 


WTC 


W 


xxFE8H 




FFH 


R/W 


Wait control 


WTCL 


B 


xxFE8H 




FFH 


R/W 


Wait control low 


WTCH 


B 


xxFE9H 




FFH 


R/W 


Wait control high 


FLAG 


B 


xxFEACH 




00H 


R/W 


Flag register 


PRC 


B 


xxFEBH 




4EH 


R/W 


Processor control 


TBIC 


B 


xxFECH 




47H 


R/W 


Time base IRC register 


ISPR 


B 


xxFFCH 






R 


In service priority register 


IDB 


B 


xxFFFH, FFFFFH 






R/W 


Internal data area base 



Notes: 

(1) R/W indicates whether register is available for read/write opera- 
tions. 

(2) Reset values not specified are undefined. 

SECURITY MODE OPERATION 

The security mode of the /aPD70327 is designed to 
protect proprietary user software algorithms by encod- 
ing the user's programs resident in external EPROM or 
ROM memory. The process encodes only the first byte of 
each opcode via a linear translation table. The decoding 
process is performed in real time within the /*PD70327 
and thus does not impact system performance. The flow 
chart of the conversion process is shown in figure 30. 

Figure 30. Opcode Translation Flowchart 
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— — - 




Execute instruction 






C ** ) 





The translation table is user-defined and is inserted into 
each j*PD70327 mask at the factory. The ^PD70327 can 
be dynamically switched from secure mode to normal 
mode, thus providing an additional measure of security 



as well as compatibility with existing ROM versions of 
V25 software. Note, however, that the V25 Software 
Guard does not support internal ROM. 

The opcode translator is effectively a look-up table that is 
inserted between the instruction prefetch queue and the 
instruction register of the ^PD70327. A conceptual dia- 
gram of this is in figure 31 . 

Figure 31. Code Converter Functional Diagram 



External 
Code 
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i£ 



Code 

Converter 

Control 



Translation 
Memory 



Execution 
Unit 



> 



The code converter uses the encrypted opcode from the 
prefetch queue as an address, and provides the correct 
V25 opcode as data to the instruction register. An exam- 
ple of this is shown in figure 32. Again, only the first byte 
of each opcode is decoded, and subsequent bytes are 
passed directly from the prefetch unit to the execution 
unit. 
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Figure 32. Opcode Converter Translation Table 
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Mode Switching 

The transition from normal V25 instruction execution to 
secure instruction decoding and execution can be per- 
formed in either hardware or software. The hardware 
trigger source is provided by the N/S pin of the 
jaPD70327. This pin is listed as an internal connection pin 
on standard V25 systems, and as such, should be pulled 
up to Vqd through a resistor. Thus a /xPD70327 used in a 
standard V25 design will execute in normal mode iden- 
tically to the standard V25. 

The state of the N/S pin is read by the processor at 
system reset and determines the operational mode of the 
device at that point. Regardless of the state of this pin, 
the /nPD70327 will begin program execution using regis- 
ter bank 7 as the default register set. (See figure 33.) If 
the processor samples the N/S pin in the low state, the 
first opcode fetched from the reset address wij[ be 
decoded using the on-chip translation table. The N/S pin 
has an internal pull-up resistor that will set the device to 
normaljnode operation with no external connections. 
The N/S pin should be set in hardware to a fixed logic 
state. 



Figure 33. Operational Mode State 
Transition Diagram 



RESET 
(N/S=1) 




HW/SW INT 
(N/S = 1) 



RESET 
(N/S = 0) 




HW/SW INT 
(N/S = 0) 



BRKS 



HW INT Hardware Interrupt 

SW INT Software Interrupt (BRK, BRKCS, etc) 

RBn Register bank n Is selected; 
n, n', n" = to 7 
When system Is reset, n = 7. 



Software control of the operating mode is performed by 
the BRKS (Break for Secure Operation) and the BRKN 
(Break for Normal Operation) instructions. These op- 
codes are undefined codes on the standard V25, and 
should not be ported to standard V25 processor envi- 
ronments. These instructions are detailed in the instruc- 
tion set section. 

The operational state of the jaPD70327 is specified by bit 
15 (MD) of the Program Status Word (PSW). The remain- 
der of the PSW is identical to that of the standard V25. 
Since portability of V25 and V25 Software Guard sys- 
tems is sometimes desired, bit 15 of the PSW should 
always be written as a logical 1 in standard V25 systems. 
As with the V25/V35, the upper 4 bits of the PSW cannot 
be updated by POP; the upper 8 bits of the PSW cannot 
be updated by MOV. Refer to the PSW diagram shown 
previously in the "Register Set" section of this data 
sheet. 

As can be seen in figure 33, the N/S pin is also sampled 
upon receipt of an interrupt (either software or hard- 
ware). The state of the N/S pin will determine the execu- 
tion mode of the interrupt service routine. The mode of 
the interrupted routine will be restored by the RETI or 
RETRBI that terminates the interrupt handler. Software 
mode changes (via the BRKS and BRKN instructions 
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described later) will always change the state of the MD 
bit of the PSW. The MD bit for these software interrupts is 
restored by the RETI instruction at the end of the mode 
switch software interrupt. 

Operation Timing 

Operational execution of the standard V25 and that of 
the V25 Software Guard are identical regardless of the 
operational mode selected for the V25 Software Guard. 
However, since the mPD70327 is a ROMIess device, all 
memory cycles are nominally two system clock periods 
long. (This is in contrast to the one clock cycle ROM code 
fetch of the /uPD70322.) Due to its ROMIess nature, the 
MPD70327 does not support the EA pin of the standard 
V25, and this pin (labeled IC) should be fixed to a logical 
high level in the hardware. 

ELECTRICAL SPECIFICATIONS 

The electrical specifications of the V25 Software Guard 
and the standard V25 are the same. Refer to the 
/tPD70320/322 (V25) Data Sheet. 

INSTRUCTION SET 

The instruction set of the V25 Software Guard and the 
standard V25 are the same except for the addition of two 
mode change instructions for the V25 Software Guard 
(BRKS and BRKN) described below. 

Table S. Mode Change Instructions 



BRKS Instruction 

The BRKS instruction switches operation to security (S) 
mode and generates a vectored interrupt. In S mode, the 
fetched operation code is executed after conversion in 
accordance with the built-in translation table. 

The RETI instruction is used to return to the operating 
mode prior to execution of the BRKS instruction. 

BRKN Instruction 

The BRKN instruction switches operation to normal (N) 
mode and generates a vectored interrupt. In N mode, the 
fetched instruction is executed as a /tPD70320/70322 
(V25) operation code. 

The RETI instruction is used to return to the operating 
mode prior to execution of the BRKN instruction. 

Opcodes 

Clock counts and opcodes applicable to the added mode 
change instructions are in tables 4 and 5. 



Table 4. 


Instruction Clock Counts 




Mnemonic 


Operand 


•Clocks 




BRKS 


imm8 (=£3) 


56 + 10T [44 + 


10T] 


BRKN 


imm8 (#3) 


56 + 10T [44 + 


10T] 



* Clock counts are specified for RAM enabled and [RAM disabled]. 



Operation Code 



Mnemonic Operand Operation 



7 6 5 4 3 2 10 No. of Bytes 



Flags 



BRKS imm8 (*3) (SP - 1 , SP - 2) - PSW, (SP - 3, SP - 4) — PS, 

(SP - 5, SP - 6) - PC, SP - SP - 6 
IE - 0, BRK «- 0, MD *- 
PC *- (n x 4 + 1 , n x 4) 
PS — (n x 4 + 3, n x 4 + 2) 
n = imm8 



1111 



1 



Not applicable 



BRKN imm8 (#3) (SP - 1 , SP - 2) *- PSW, (SP - 3, SP - 4) 

(SP - 5, SP - 6) - PC, SP - SP - 6 
IE - 0, BRK - 0, MD «- 1 
PC — (n x 4 + 1 , n x 4) 
PS *- (n x 4 + 3, n x 4 + 2) 
n = imm8 



PS, 



110 11 



Not applicable 
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pPD70337 (V35 Software Guard) 

16-Bit Microcomputer: 

Software-Secure, Single-Chip, CMOS 



Description 

The jiPD70337 (V35 Software Guard) is a high- 
performance, 16-bit, single-chip microcomputer with a 
16-bit external data bus. The ^PD70337 is fully software 
compatible with the ^PD70108/116 (V20®/V30®) as well 
as the nPD70320/330 (V25™/V35™). 

The ^PD70337 allows external executable code to be 
encrypted by a user-defined translation table. The 
/uPD70337 will automatically decode the encrypted op- 
codes internally before the instructions are moved into 
the instruction execution register. As a result, the 
/iPD70337 offers identical performance to the standard 
V35 even during security mode operation. The security 
feature may be selected by hardware and/or software, 
and may be switched from one state to the other under 
software control. 

The jttPD70337 has the same complement of internal 
peripherals as the standard V35 and maintains compat- 
ibility with existing drivers. Other than the additional 
mode select pin, the /*PD70337 also maintains pin com- 
patibility with other members of the standard V35 family. 

Note: The electrical specifications of the V35 Software 
Guard and the standard V35 are the same. The 
instruction sets are also the same except BRKS and 
BRKN are added to control the Security and Normal 
operational modes. For electrical specif ications and 
standard instructions, refer to the /&PD70330/332 
(V35) Data Sheet. 

Features 

a Security and normal operational modes 

a System clock speeds to 8 MHz (16-MHz crystal) 

□ 16-bit CPU and internal data paths 

n Functional compatibility with V35 

n Software upward compatible with j*PD8086 

e New and enhanced V-Series instructions 

n 6-byte prefetch queue 

a Two-channel on-chip DMA controller 

a Minimum instruction cycle: 250 ns at 8 MHz 



n Internal 256-byte RAM memory 

a 1-megabyte memory address space; 64K-byte I/O 
space 

o Eight internal RAM-mapped register banks 

a Four multifunction I/O ports 

— 8 -bit analog comparator port 

— 20 bidirectional port lines 

— Four input-only port lines 

n Two independent full-duplex serial channels 

a Priority interrupt controller 

— Standard vectored service 

— Register bank switching 

— Macroservice 

□ Pseudo SRAM and DRAM refresh controller 
o Two 16-bit timers 

o On-chip time base counter 

n Programmable wait state generator 

□ Two standby modes: STOP and HALT 

Ordering Information 



Part Number 


Clock (MHz) 


Package 


j»PD70337L-8-xxx 


8 


84-pin PLCC 


GJ-8-xxx 


8 


94-pin plastic QFP 



V20 and V30 are registered trademarks of NEC Corporation. 
V35 and V35 are trademarks of NEC Corporation. 
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Pin Configurations 
84-Pin PLCC 
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P0 7 /CLKOUT C 


12 q 74 


3 PT7 




D C 


13 73 


3 PT6 




Di C 


14 72 


3 PT5 




D 2 C 


15 71 


3 PT4 




D 3 C 


16 70 


3 PT3 




D 4 C 


17 69 


3 PT2 




D 5 C 


18 68 


3 PT1 




D 6 C 


19 67 


3 PT0 




D 7 C 


20 66 


H P1 7 /READY 




D 8 C 


21 65 


D P16/SCKO 




Dg C 


22 64 


3 PI5/TOUT 




D10 C 


23 63 


D P1 4 /INT/POLL 




D11 C 


24 62 


3 PI3/INTP2/INTAK 




D12 C 


25 61 


3 P12/INTP1 




D13 C 


26 60 


3 P1 1 /INTP0 




D14 C 


27 59 


D Plo/NMI 




D15 C 


28 58 


3 P27/HLDRQ 




A C 


29 57 


3 P26/HLDAK 




Ag/A 1 C 


30 56 


3 P2 5 /TC1 




A 10 /A 2 C 


31 55 


3 P24/DMAAKI 




A11/A3 c 


32 54 

n^mniseoQO'-Nn^inicNooiO'-Nn 
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Notes: 




(1 ) Connect pin 9 to GND through a 5- to 1 0-k£l resistor. 




(2) All IC pins should be tied together and pulled up to V dd witn a 




10- to 20-kO resistor. 
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94-Pin Plastic QFP 
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NC 

A 13 /A S 

A14/A6 

A 15 /A 7 

Ai6 /A 8 

A17/A18 

A19 

A18/UBE 

RxDO 

GND 

CTSO 

TxDO 

RxD1 

CTS1 

TXD1 

P20/DMARQ0 

IC 

VDD 

VDD 

P21/DMAAK0 

NC 

P22/TC0 
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RESET 
V D D 

v D d 

X2 

X1 

GND 

GND 

NC 

NC 



UUUUUUUUU 

j-cy.eo«*u)o,co^-o 



PO5 

NC 

Notel 

P0 4 

PO3 

PO2 

P0 1 

POo 

IC 

MREQ 

IOSTB 

MSTB 

R/W 

REFRQ 



a. a. 1 a. o. 1 



P ^ *> oc 

~ n" S" J> 



Notes: 

(1 ) Connect pin 69 to GND through a 5- to 10kfl resistor. 

(2) All IC pins should be tied together and pulled up to V qd w|tn a 
10- to 20-kfl resistor. 
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Pin Identification 



Symbol 


Function 


A0-A19 


Address bus outputs 


CLKOUT 


System clock output 


CT55 


Clear-to-send input, serial channel 


CTST 


Clear-to-send input, serial channel 1 


D0-D15 


Bidirectional data bus 


DMAAKO 


DMA acknowledge output, DMA controller channel 


DMAAK1 


DMA acknowledge output, DMA controller channel 1 


DMARQO 


DMA request input, DMA controller channel 


DMARQ1 


DMA request input, DMA controller channel 1 


HLDAK 


Hold acknowledge output 


HLDRQ 


Hold request input 


INT 


Interrupt request input 


INTAK 


Interrupt acknowledge output 


INTPO 


Interrupt request input 


INTP1 


Interrupt request 1 input 


1NTP2 


Interrupt request 2 input 


IOSTB 


I/O read or write strobe output 


MREQ 


Memory request output 


MSTB 


Memory strobe output 


NMI 


Nonmaskable interrupt request 


N/5 


Normal mode/security mode select input 


PO0-PO7 


I/O port 


P10-P17 


I/O port 1 


P2 -P2 7 


I/O port 2 


POLL 


Input on POLL synchronizes the CPU and external 
devices 


PT0-PT7 


Comparator port input lines 


READY 


Ready signal input controls insertion of wait states 


REFRQ 


DRAM refresh request output 


RESET 


Reset signal input 


R/W 


Read/write strobe output 


RxDO 


Receive data input, serial channel 


RxD1 


Receive data input, serial channel 1 


5UK0 


Serial clock output 


Tco 


Terminal count output; DMA completion, channel 


tct 


Terminal count output; DMA completion, channel 1 


TOUT 


Timer output 


TxDO 


Transmit data output, serial channel 


TxD1 


Transmit data output, serial channel 1 


Dbe 


Upper byte enable 


X1.X2 


Connections to external frequency control source 
(crystal, ceramic resonator, or clock) 



Symbol 



Function 



+5-volt power source input (two pins) 



Threshold voltage input to comparator circuits 



GND 



Ground reference (two pins) 



IC internal connection; must be tied to Vqd externally 

through a puliup resistor 



PIN FUNCTIONS 

A0-A19 (Address Bus) 

To support dynamic RAM s, the 20-bit address is multi- 
plexed on 11 lines. W hen MR EQ is asserted, A9-A17 are 
valid. When MSTB or IOSTB is assert ed, A r A 8 and A-| 8 
are v alid. Ai 8 is also multiplexed with UBE and is valid 
when MREQ is asserted. Therefore Ai 8 is active through- 
out the bus cycle. A 19 and An are not multiplexed but 
have dedicated pins and are valid throughout the bus 
cycle. 

CLKOUT (Clock Out) 

The system clock (CLK) is distributed from the internal 
clock generator to the CPU and output to peripheral 
hardware at the CLKOUT pin. This pin is sampled at 
system reset. 



CTSO (Clear-to-Send 0) 

This is the CTS pin of the channel seri al inte rface. In 
asynchronous mode, a low-level input on C TSO e nables 
transmit operation. In I/O interface mode, CTSO is the 
receive clock pin. 



CTS1 (Clear-to-Send 1) 

This is the CTS pin of the channel 1 seri al inte rface. In 
asynchronous mode, a low-level input on CTS1 enables 
transmit operation. 

D0-D15 (Data Bus) 

D -D 15 is the 16-bit data bus. 



DMAAKO and DMAAK1 (DMA Acknowledge) 

These are the DMA acknowledge outputs of the DMA 
controller, channels and 1. Signals are not output 
during DMA memory-to-memory transfer operations 
(burst mode, single-step mode). 



DMARQO and DMARQ1 (DMA Request) 

These are the DMA request inputs of the DMA controller, 
channels and 1. 
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HLDAK (Hold Acknowledge) 



The HLDAK output signal indicates tha t the ho ld request 
(HLDRQ) has been accepted. When HLDAK is active 
(low), the following lines go to the high-impedance state 
with internal 4700-0 pullup resistors: A0-A19, D -D 7 , 
lOSTB, MREQ, MSTB, REFRQ, and R/W. 

HLDRQ (Hold Request) 

The HLDRQ input from an external device requests that 
the /iPD70335 relinquish the address, data, and control 
buses to an external bus master. 

INT (Interrupt) 

The INT input is a vectored interrupt request from an 
external device that can be masked by software. The 
active high level is detected in the last clock cycle of an 
instruction. The external device confirms that th e INT 
interrupt request has been accepted by the INTAK signal 
output from the CPU. 

The INT signal must be held hi gh unt il the first INTAK 
signal is output. Together with INTAK, INT is used for 
operation with an interrupt controller such as /iPD71059. 



INTAK (Interrupt Acknowledge) 



The INTAK output is the acknowledge sig nal for the 
software-maskable interrupt request INT. The INTAK sig- 
nal goes low when the CPU accepts INT. The external 
device inputs the interrupt vector to the CPU via data 
bus D -D 7 in synchronization with INTAK. 



INTPO, INTP1, INTP2 (Interrupt from Peripheral 0, 
1,2) 



The INTPn inputs (n = 0, 1, 2) are external in terrupt 
requests that can be masked by software. The INTPn 
input is detected at the effective edge specified by 
external interrupt mode register INTM. 



The INTPn input is also used to release the HALT mode. 



IOSTB (I/O Strobe) 



A low-level output on IOSTB indicates that the I/O bus 
cycle has been initiated and that the I/O address output 
on A -A 15 is valid. 



MREQ (Memory Request) 



A low-level output on MREQ indicates that the memory or 
I/O bus cycle has started and that address bits Aq, 
A9-A17, A 18 and A19 are valid. 



MSTB (Memory Strobe) 



Together with MREQ a nd R/W , MSTB controls memory- 
accessing operations. MSTB should be used either to 
enable data buffers or as a data s trobe. During memory 
write, a low-level output on MSTB indicates t hat da ta on 
the data bus is valid. A low-level output on MSTB indi- 
cates that multiplexed address bits At -As, A18, and UBE 
are valid. 

NMI (Nonmaskable Interrupt) 

The NMI input is an interrupt request that cannot be 
masked by software. The NMI is always accepted by the 
CPU; therefore, it has priority over any other interrupt. 

The NMI input is detected at the effective edge specified 
by external interrupt mode register INTM. Sampled in 
each clock cycle, NMI is accepted when the active level 
lasts for some clock cycles. When the NMI is accepted, a 
number 2 vector interrupt is generated after completion 
of the instruction currently being executed. 

The NMI input is also used to release the CPU standby 
mode. 

N/S (N Mode/S Mode) 

Normal or security mode is selected by a fixed high level 
(N) or low level (S) at this pin. This pin is sampled at 
system reset and at the acceptance of interrupts. 

PO0-PO7 (Port 0) 

Port is an 8-bit bidirectional I/O port. 

PI0-PI7 (Port 1) 

Lines P1 4 -P1 7 are individually programmable as an input, 
output, or control function. The status of P1o- PI3 can be 
read but these lines are always control functions. 

P2 -P2 7 (Port 2) 

P2 -P2 7 are the lines of port 2, an 8-bit bidirectional I/O 
port. These lines can also be used as control signals for 
the on-chip DMA controllers. 



POLL (Poll) 



The POLL input is checked by the POLL instruction. If 
the level is low, execution of the next instruction is 
initiated. If the level is high, the POLL input is checked 
every five clock cycles until the level becomes low. The 
POLL functions are used to synchronize the CPU pro- 
gram and the operation of external devices. 
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Note: POLL is effective whe n P1 4 i s specified for the input 
port mode; otherwise, POLL is assumed to be at low 
level when the POLL instruction is executed. 

PT0-PT7 (Port with Comparator) 

The PT input is compared with a threshold voltage that is 
programmable to one of 16 voltage steps individually for 
each of the eight lines. 

READY (Ready) 

After READY is de-asserted low, the CPU will synchro- 
nize and insert at least two wait states into a read or 
write cycle to memory or I/O. This allows the processor 
to accommodate devices whose access times are longer 
than normal execution allows. 



REFRQ (Refresh Request) 

This output pulse can refresh nonstatic RAM. It can be 
programmed to meet system specifications and is inter- 
nally synchronized so that refresh cycles do not interfere 
with normal CPU operation. 



RESET (Reset) 



This input signal is asynchronous. A low on RESET for a 
certain duration resets the CPU and all on-chip periph- 
erals regardless of clock operation. The reset operation 
has priority over all other operations. 

The reset signal is used for normal initialization/startup 
and also for releasing the STOP or HALT mode. After the 
reset signal returns high, program execution begins 
from address FFFFOH. 

R/W (Read/Write Strobe) 

When the memory bus cycle is initiated, the R/W signal 
output to external hardware indicates a read (high- level) 
or write (low-level) cycle. It can also control the direction 
of bidirectional buffers. 

RxDO, RxD1 (Receive Data 0, 1) 

These pins input data from serial channels and 1. 

In the asynchronous mode, when receive operation is 
enabled, a low level on the RxDO or RxD1 input pin is 
recognized as the start bit and receive operation is 
initiated. 



In the I/O interface mode (channel only), receive data is 
input to the serial register at the rising edge of the 
receive clock. 



SCKO (Serial Clock) 



The SCKO output is the transmit clock of serial channel 
0. 

TCO, TCI (Terminal Count 0, 1) 

The TCO and TC1 outputs go low when the terminal 
count of DMA service channels and 1, respectively, 
reach zero, indicating DMA completion. 

TOUT (Timer Output) 

The TOUT signal is a square-wave output from the 
internal timer. 

TxDO, TxD1 (Transmit Data 0, 1) 

These pins output data from serial channels and 1. 

In the asynchronous mode, the transmit signal is in a 
frame format that consists of a start bit, 7 or 8 data bits 
(least significant bit first), parity bit, and stop bit. The 
TxDO and TxD1 pins become mark state (high level) 
when transmit operation is disabled or when the serial 
register has no transmit data. 

In the I/O interface mode (channel only), the frame has 
8 data bits and the most significant bit is transmitted 
first. 



UBE (Upper Byte Enable) 

UBE is a high-order memory bank selection signal out- 
put. UBE and Ao determine which bytes of the data bus 
will be used. UBE is used with Ao to select the even/odd 
banks as follows. 



Operand 


USE 


Ao 


Number of Bus Cycles 


Even address word 








1 


Odd address word 





1 


2 




1 







Even address byte 


1 





1 


Odd address byte 





1 


1 
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X1, X2 (Clock Control) 

The frequency of the internal clock generator is con- 
trolled by an external crystal or ceramic resonator 
connected across pins X1 and X2. The crystal frequency 
is the same as the clock generator frequency fx. By 
programming the PRC register, the system clock fre- 
quency fdK is selected as fx divided by 2, 4, or 8. 

As an alternative to the crystal or ceramic resonator, the 
positive and negative phases of an external clock (with 
frequency fx) can be connected to pins X1 and X2. 

Vqd (Power Supply) 

+5-volt power source (two pins). 



Vth (Threshold Voltage) 

Comparator port PT0-PT7 uses threshold voltage Vth to 
determine the analog reference points. The actual 
threshold to each comparator line is programmable to 
Vjh x n/16 where n = 1 to 16. 

GND (Ground) 

Ground reference (two pins). 

IC (Internal Connection) 

Internal connection; must be tied to Vqd externally 
through a 10-kfl to 20-kfl resistor. 



juPD70337 Block Diagram 
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V25/V35 FAMILY 

This addition to the V25/V35 family of high-integration 
microcomputers— the V35 Software Guard (V35S)— 
offers a direct DRAM interface with an external 16-bit 
data path. It supports both native V25/V35 operational 
modes as well as the enhanced security mode of 
operation. The security mode allows external code 
memory to be encrypted, thus preventing the 
unauthorized inspection of proprietary algorithms. 

V35S Comparison to V25S 

The V35S is fully software compatible with the nPD8088/ 
8086 and the jxPD701 18/701 16 (V20/V30) instruction set. 
Because the V35S is a ROMIess part, all code must be 
located in external memory. The external memory may 
contain both encrypted opcodes and/or normal V-series 
opcodes. 

The V35S contains the same core and peripherals as the 
V25 Software Guard (V25S). The main difference be- 
tween the two is confined to the external bus interface 
and bus control logic. While the V25S is designed with 
an 8-bit external interface, the V35S provides the full 
16-bit external data path. 

The V35S external data bus is non-multiplexed; however, 
the 20-bit address bus is multiplexed to provide a direct 
DRAM style RAS/CAS bus cycle. As a result, the nominal 
bus cycle is three CLKOUT states. During the first bus 
state, the address lines output the high 9 bits of the 
physical address, A17-A9. During the second bus state, 
the address lines output low address bits As-A^ Address 
lines A19 and A are not multiplexed and are valid during 
the entire bus cycle. Address line A-is is multiplexed with 
the Upper Byte Enable signal (UBE) and is valid as an 
address during bus state one. During 16-bit transfers to 
odd addresses (UBE = and Ao = 1), two 8-bit bus 
cycles are performed. 

The memory control signals of the V35S and V25S are 
identical; however, certain timing specifications are dif- 
ferent, particularly for static memory interfaces. Refer to 
the V35 Data Sheet for these timing parameters. Typi- 
cally, the MREQ signal is used to generate the DRAM 
RAS control signal, and the MSTB signal is used to 
generate the CAS signal. Like the V25S, the V35S pro- 
vides an output from the internal refresh control unit, 
which is also typically gated into the DRAM RAS signal. 



Another function of the V35S that is different from the 
V25S is the operation of the READY input pin. This pin is 
sampled in the middle of the second bus cycle (BAW1) on 
the V25S; the V35S samples one clock period later in the 
middle of BAW2. 

Other than these bus controller differences, the V35S is 
identical to the V25S in its operation. All internal periph- 
erals are programmed and operate in the same manner 
as those of the V25S. The instruction sets of the two 
processors are identical, and internally both processors 
operate on 16-bit data paths. Additionally, the security 
mode of the V35S functions identically to that of the 
V25S, although it fetches 16-bits of opcode per fetch 
cycle. 

V35S Comparison to Standard V35 

The V35S contains the same peripherals and maintains 
full upward functional compatibility with the standard 
V35. All internal functional units operate and are pro- 
grammed the same as those of the V35. The instruction 
set is also a direct superset of the standard V35, contain- 
ing all instructions of the V35 and adding only two to 
select the secure/normal operational modes. 

The pinouts of the V35S and the V35 are the same except 
for two pins. 

(1 ) EA on the V35 is IC on the ROMIess V35S. 

(2) N/S on the V35S is IC on the V35. 

All other pins on the V35S perform identical functions to 
corresponding pins on the V35. 

SECURITY MODE OPERATION 

The security mode of the /tPD70337 is designed to 
protect proprietary user software algorithms by encod- 
ing the user's programs resident in external system 
EPROM or ROM memory. The process encodes only the 
first byte of each opcode via a linear translation table. 
The decoding process is performed in real time within 
the jaPD70337 and thus does not impact system perfor- 
mance. The flowchart of the conversion process is 
shown in figure 1 . 
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Figure 1. 
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The user-defined translation table is inserted into each 
MPD70337 mask at the factory. The /iPD70337 can be 
dynamically switched from secure mode to normal 
mode, thus providing an additional measure of security 
as well as compatibility with existing ROM versions of 
V35 software. Note, however, that the V35 Software 
Guard does not support internal ROM. 

The opcode translator is effectively a look-up table that is 
inserted between the instruction prefetch queue and the 
instruction register of the |uPD70337. A conceptual dia- 
gram of this is in figure 2. 

Figure 2. Code Converter Functional Diagram 
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The code converter uses the encrypted opcode from the 
prefetch queue as an address, and provides the correct 
V35 opcode as data to the instruction register. An exam- 
ple of this is shown in figure 3. Again, only the first byte 
of each opcode is decoded, and subsequent bytes are 
passed directly from the prefetch unit to the execution 
unit. 



Figure 3. Opcode Converter Translation Table 
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Mode Switching 

The transition from normal V35 instruction execution to 
secure instruction decoding and execution can be per- 
formed in either hardware or software. The hardware 
trigger source is provided by the N/S pin of the 
/aPD70337. This pin is listed as an internal connection pin 
on standard V35 systems, and as such, should be pulled 
up to V DD through a resistor. Thus, a /xPD70337 used in a 
standard V35 design will execute in normal mode iden- 
tically to the standard V35. 

The state of the N/S pin is read by the processor at 
system reset and determines the operational mode of the 
device at that point. Regardless of the state of this pin, 
the /nPD70337 will begin program execution using regis- 
ter bank 7 as the default register set. (See figure 4.) If the 
processor samples the N/S pin in the low state, the first 
opcode fetched from the reset address will_be decoded 
using the on-chip translation table. The N/S pin has an 
internal pull-up resistor that will set the device to norma] 
mode operation with no external connections. The N/S 
pin should be set in hardware to a fixed logic state. 



jliPD70337 (V35 Software Guard) 
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Figure 4. Operational Mode State 
Transition Diagram 




HW/SW INT 
(N/S = 1) 




HW/SW INT 
(N/S = 0) 



HW INT Hardware Interrupt 

SW INT Software Interrupt (BRK, BRKCS, etc) 

RBn Register bank n is selected; 
n, n', n" = to 7 
When system is reset, n = 7. 



Software control of the operating mode is performed by 
the BRKS (Break for Secure Operation) and the BRKN 
(Break for Normal Operation) instructions. These op- 
codes are undefined codes on the standard V35 and 
should not be ported to standard V35 processor envi- 
ronments. These instructions are detailed in the instruc- 
tion set section. 

The operational state of the juPD70337 is specified by bit 
15 (MD) of the Program Status Word (PSW). The remain- 
der of the PSW (figure 5) is identical to that of the 
standard V35. Since portability of V35 and V35 Software 
Guard systems is sometimes desired, bit 15 of the PSW 
should always be written as a logical 1 in standard V35 
systems. As with the V25/V35, the upper 4 bits of the 
PSW cannot be updated by POP; the upper 8 bits of the 
PSW cannot be updated by MOV. 

Consult the ^PD70327 (V25 Software Guard) data sheet 
for additional details of secure mode operation 



Figure 5. Program Status Word (PSW) 
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MD 


RB2 


RB1 


RBO 


V 


DIR 


IE 


BRK 


15 














8 


S 


Z 


F1 


AC 


F0 


P 


BRKI 


CY 



Status Flag 


Control Flags 


V Overflow bit 


DIR Direction of string processing 


S Sign 


IE Interrupt enable 


Z Zero 


BRK Break (after every instruction) 


AC Auxiliary carry 


RBn Current register bank flags 


P Parity 


BRKI I/O trap enable 


CY Carry 


F0, F1 General-purpose user flags 
(accessed by flag SFR) 




MD Normal/security mode select 



Operation Timing 

Operational execution of the standard V35 and that of 
the V35 Software Guard are identical regardless of the 
operational mode selected for the V35 Software Guard. 
However, since the /xPD70337 is a ROMIess device, all 
memory cycles are nominally three system clock periods 
long. (This is in contrast to the one clock cycle ROM code 
fetch of the >xPD70332.) Due to its_ROMIess nature, the 
/*PD70337 does not support the EA pin of the standard 
V35, and this pin (labeled IC) should be fixed to a logical 
high level in the hardware. 

ELECTRICAL SPECIFICATIONS 

The electrical specifications of the V35 Software Guard 
and the standard V35 are the same. Refer to the 
^PD70330/332 (V35) Data Sheet. 

INSTRUCTION SET 

The instruction sets of the V35 Software Guard and the 
standard V35 are the same except for the addition of two 
mode change instructions for the V35 Software Guard 
(BRKS and BRKN) described below. 
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BRKS Instruction 

The BRKS instruction switches operation to security (S) 
mode and generates a vectored interrupt. In S mode, the 
fetched operation code is executed after conversion in 
accordance with the built-in translation table. 

The RETI instruction is used to return to the operating 
mode prior to execution of the BRKS instruction. 

BRKN Instruction 

The BRKN instruction switches operation to normal (N) 
mode and generates a vectored interrupt. In N mode, the 
fetched instruction is executed as a ^PD70330/70332 
(V35) operation code. 



The RETI instruction is used to return to the operating 
mode prior to execution of the BRKN instruction. 

Opcodes 

Clock counts and opcodes applicable to the added mode 
change instructions are in tables 1 and 2. 



Table 1. 


Instruction Clock Counts 


Mnemonic 


Operand *Clocks 


BRKS 


imm8 (*3) 56 + 10T [44 + 10T] 


BRKN 


imm8 (#3) 56 + 10T [44 + 10T] 



* Clock counts are specified for internal RAM enabled and [Internal 
RAM disabled]. 



Table 2. Mode Change Instructions 








Operation Code 




Mnemonic Operand Operation 


7 6 5 4 3 2 10 No. of Bytes 


Flags 



BRKS 



imm8 (#3) 



(SP- 


-1.SP-2) «- 


- PSW, (SP ■ 


-3, 


SP- 


-4) 


(SP- 


- 5, SP - 6) - 


- PC, SP — 


SP 


-6 




IE- 


0, BRK - 0, 


MD-0 








PC* 


- (n x 4 + 1 , 


nx4) 








PS* 


- (n x 4 + 3, 


n x 4 + 2) 








n = 


imm8 











PS, 



1111 



1 



Not applicable 



BRKN imm8 (#3) (SP - 1 , SP - 2) «- PSW, (SP - 3, SP ■ 

(SP - 5, SP - 6) - PC, SP - SP - 6 
IE - 0, BRK - 0, MD — 1 
PC «- (n x 4 + 1 , n x 4) 
PS *- (n x 4 + 3, n x 4 + 2) 
n = imm8 



4) — PS, 110 11 



Not applicable 
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JIPD79011 

16-Bit Microcomputer: 

Single-Chip, CMOS, 

With Built-in RTOS 



Description 

The/iPD79011 is an upgraded ^uPD70322 (V25™) single- 
chip microcomputer with a built-in real-time operating 
system (RTOS). 

The/iPD79011 provides high-speed multitask process- 
ing particularly suited for real-time event processing 
and as a kernel of an embedded control system for 
process control and data processing applications. 

The RTOS kernel provides extensive system calls for 
task synchronization, control, and communication as 
well as interrupt and time management. 

The /7PD79011 instruction set is the same as the V25 
instruction set. The juPD79011 hardware is also identi- 
cal to the standard V25, but uses 6K of the internal ROM 
for RTOS system code. Refer to the V25 Data Sheet. 

Features 

□ Real-time multitask processing 

n Supports five types of system calls 

— Task management 

— Communication management 

— Memory management 

— Time management 

— Interrupt management 

n High-speed response to events 

— System call processing shortens time to 41 ps 
(minimum) when operated at 8 MHz 

— High-speed task switching using V25 register 
banks 



□ Flexibility to perform status changes by event 
driven task scheduling function 

a System clock: 8 MHz maximum 

n V25 hardware compatibility 

□ CMOS technology 

n Development tools 

— V25 software can be used without modification 

— Relocatable assembler (RA70320) 

— C compiler (CC701 16) 

— Concurrent CP/M®, MS-DOS®, VMS™, and 
UNIX™ base 

Ordering Information 



Part Number 


Clock 


Package 


/JPD79011L-8 


8 MHz 


84-pin PLCC 


GJ-8 


8 MHz 


94-pin plastic QFP 



V25 is a trademark of NEC Corporation. 
CP/M is a registered trademark of Digital Research, Inc. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VMS is a trademark of Digital Equipment Corporation. 
UNIX is a trademark of AT&T Bell Laboratories. 
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Pin Configurations 



84-Pin PLCC 
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/ T-O0)C0l^(DI0'*C0CMT-SgCMgQP>C0lv<0U) 




P0 7 /CLKOUT C 
D C 


12 " " O ?4 

13 73 


3 PT7 
3 PT6 




01 C 


14 72 


3 PT5 




D 2 C 


15 71 


D PT4 




D 3 C 


16 70 


3 PT3 




D4 c 


17 69 


D PT2 




D 5 c 


16 68 


3 PT1 




D 6 C 


19 67 


3 PTO 




D 7 C 


20 66 


D P1 7 /READY 




A C 


21 65 


D P16/SCKO 




A! C 


22 64 


3 P15/TOUT 




A2 c 

A3 C 


23 63 

24 62 


3 P1 4 /INT/POLL 
3 PI3/INTP2/INTAK 




A 4 C 
A5 l= 


25 61 

26 60 


3 P12/INTP1 
3 P11/INTP0 




A 6 C 


27 59 


3 P1o/NMI 




A7 c 


28 58 


3 P27/HLDRQ 




A 8 C 


29 57 


3 P26/HLDAK 




Ag C 


30 56 


3 P25/TCI 




A10 C 


31 55 


3 P24/DMAAKI 




An C 


32 54 

B*KI(0N(0(JIO'-Nn«ll)l0S(0C)OrNlil 


3 P23/DMARQ1 
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Note: All IC pins should be tied together and pulled up to V dd w ' tn a 
10- to 20-kft resistor. 
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94-Pin Plastic QFP 



A12 
NC 

A13 

A 14 

A« 
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All IC pins should be tied together and pulled up to VDD with a 
10- to 20-W1 resistor. 
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Pin Identification 



Symbol 


Function 


Ao- A 19 


Address bus outputs 


CLKOUT 


System clock output 


CTSO 


Clear to send channel input 


CTST 


Clear to send channel 1 input 


D -D 7 


Bidirectional data bus 


IOSTB 


I/O strobe output 


MREQ 


Memory request output 


MSTB 


Memory strobe output 


POo-POy 


I/O port 


PVNMI 


Port 1 input line; nonmaskable interrupt 


P1 r P1 2 / 
INTP0-INTP1 


Port 1 input lines; Interrupt requests from 
peripherals and 1 


PVINTP2/INTAK 


Port 1 input line; Interrupt requests from 
peripheral 2; Interrupt acknowledge output 


PI4/INT/POTL 


I/O port 1; Interrupt request input; I/O poll input 


PI5/TOUT 


I/O port 1 


Timer out 


PVSCKO 


I/O port 1 


Serial clock output 


PI7/READY 


I/O port 1 


Ready input 


P2q/DMARQ0 


I/O port 2 


DMA request 


P2i/DMAAK0 


I/O port 2 


DMA acknowledge 


P2 2 /TC0 


I/O port 2 


DMA terminal count 


P23/DMARQI 


I/O port 2 


DMA request 1 


P24/DMAAKI 


I/O port 2 


DMA acknowledge 1 


P25/TCT 


I/O port 2 


DMA terminal count 1 


P2e/HLDAK 


I/O port 2 


Hold acknowledge output 


P2 7 /HLDRQ 


I/O port 2 


Hold request input 


PT0-PT7 


Comparator port input lines 


REFRQ 


Refresh pulse output 


RESET 


Reset input 


RxDO 


Serial receive data channel input 


RxD1 


Serial receive data channel 1 input 


R/W 


Read/write output 


TxDO 


Serial transmit data, channel input 


TxD1 


Serial transmit data, channel 1 input 


X1.X2 


Crystal connection terminals 


Vdd 


Positive power supply voltage 


v T h 


Threshold voltage input for comparator 


GND 


Ground reference 


IC 


Internal connection 



PIN FUNCTIONS 

Ao-A-19 (Address Bus) 

A -A 19 is the 20-bit address bus used to access all 
external devices. 

CLKOUT (System Clock) 

This is the internal system clock. It can be used to 
synchronize external devices to the CPU. 



CTSn, RxDn, TxDn, SCKO (Clear to Send, 
Receive Data, Transmit Data, Serial Clock Out) 

The two serial ports (channels and 1) use these lines 
for transmitting and receiving data, handshaking, and 
serial clock output. 

D0-D7 (Data Bus) 

D -D 7 is the 8-bit external data bus. 



DMARQn, DMAAKn, TCn (DMA Request, DMA 
Acknowledge, Terminal Count) 

These are the control signals to and from the on-chip 
DMA controller. 



HLDAK (Hold Acknowledge) 



The HLDAK output (active low) informs external devices 
that the CPU has released the system bus. 

HLDRQ (Hold Request) 

The HLDRQ input (active high) is used by external 
devices to request the CPU to release the system bus to 
an external bus master. The following lines go into a 
high-impedance stat e with intern al 4.7-k fl pullup resis- 
tors: A q-A 19 , D -D 7 , MREQ, R/\/y MSTB, REFRQ, and 
IOSTB. 

INT (Interrupt Request) 

INT is a maskable, active-high, vectored request inter- 
rupt. After assertion, external hardware must provide the 
interrupt vector number. 



INTAK (Interrupt Acknowledge) 



After INT is asserted, the CPU will respond with INTAK 
(active low) to inform external devices that the interrupt 
request has been granted. 
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INTP0-INTP2 (External Interrupt) 



INTP0-INTP2 allow external devices to generate inter- 
rupts. Each can be programmed to be rising or falling 
edge triggered. 



IOSTB (I/O Strobe) 



IOSTB is asserted during read and write operations to 
external I/O. 



MREQ (Memory Request) 



MREQ (active low) informs external memory that the 
current bus cycle is a memory access bus cycle. 



MSTB (Memory Strobe) 



MSTB (active low) is asserted during read and write 
operations to external memory. 

NMI (Nonmaskable Interrupt) 

NMI cannot be masked through software and is typically 
used for emergency processing. Upon execution, the 
interrupt starting address is obtained from interrupt 
vector number 2. NMI can release the standby modes 
and can be programmed to be either rising or falling 
edge triggered. 

PO0-PO7 (Port 0) 

PO0-PO7 are the lines of port 0, an 8-bit bidirectional 
parallel I/O port. 

PI0-PI7 (Port 1) 

The status of PI0-PI3 can be read but these lines are 
always control functions. P1 4 -P1 7 arethe remaining lines 
of parallel port 1 ; each line is individually programmable 
as either an input, an output, or a control function. 

P2 -P2 7 (Port 2) 

P2q-P27 are the lines of port 2, an 8-bit bidirectional 
parallel I/O port. The lines can also be used as control 
signals for the on-chip DMA controller. 



POLL (Poll) 

Upon execution of the POLL instruction, the CPU checks 
the status of this pin and, if low, program execution 
continues. If high, the CPU checks t he lev el of the line 
every five clock cycles until it is low. POLL can be used 
to synchronize program execution to external condi- 
tions. 



PT0-PT7 (Comparator Port) 

PT0-PT7 are inputs to the analog comparator port. 

READY (Ready) 

After READY is de-asserted low, the CPU synchronizes 
and inserts at least two wait states into a read or write 
cycle to memory or I/O. This allows the processor to 
accommodate devices whose access times are longer 
than normal execution. 



REFRQ (Refresh) 

This active-low output pulse can refresh nonstatic RAM. 
It can be programmed to meet system specifications 
and is internally synchronized so that refresh cycles do 
not interfere with normal CPU operation. 



RESET (Reset) 



A low on RES ET resets the CPU and all on-chip periph- 
erals. R ESET can also release the standby modes. After 
RESET returns high, program execution begins from 
address FFFFOH. 

R/W (Read/Write) 

R/W output allows external hardware to determine if the 
current operation is a read or a write cycle. It can also 
control the direction of bidirectional buffers. 

TOUT (Timer Out) 

TOUT is the square-wave output signal from the internal 
timer. 

X1, X2 (Crystal Connections) 

The internal clock generator requires an external crystal 
across these terminals. By programming the PRC regis- 
ter, the system clock frequency can be selected as the 
oscillator frequency (fosc) divided by 2, 4, or 8. 

V D d (Power Supply) 

Two positive power supply pins (V DD ) reduce internal 
noise. 

Vth (Threshold Voltage) 

The comparator port uses this pin to determine the 
analog reference point. The actual threshold to each 
comparator line is programmable to Vth x n /16 where n 
= 1 to 16. 
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GND (Ground) 

Two ground connections reduce internal noise. 



IC (Internal Connection) 

All IC pins should be tied together and pulled up to Vdd 
with a 10- to 20-kfi resistor. 



HPD79011 Block Diagram 



P2 /DMARQ0 
P2-|/DMAAK0- 
P2 2 /TC0- 
P2 3 /DMARQ1 



P2. /DMAAK1 



P2c/7C1 



TxDO- 
RxDO 
/SCK0- 

cfso- 

TxD1 ■ 
RxD1 

CTSl 



P1 /NMI" 
P1 1 /INTPO " 
P1 2 /iNTPi ■ 
P1 3 /INTP2 
/INTAK 
PI4/INT 
/POLL 
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O 
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Micro ROM 



C 



> 



Internal ROM 
(OS) 



c 
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HLDAK/P2 6 

HLDRQ/P2 7 
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RAW 

IOSTB 
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:> d -d 7 
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Clock 
Generator 















X1 
X2 
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ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

T A = 25°C 



Comparator Characteristics 

T A = -10 to +70°C; V DD = +5.0 V ±10% 



Supply voltage, Vqd 




-0.5 to 7.0 V 


Input voltage, V ( 




-0.5toV DD +0.5 (s +7.0 V) 


Output voltage, V 




-0.5toV DD + 0.5 (s +7.0 V) 


Threshold voltage, V TH 




-0.5toV DD +0.5 (s +7.0 V) 


Output current low, Iql 


Each output pin 4.0 mA (Total 50 mA) 


Output current high, Iqh 


Each output pin -2.0 mA (Total -20 mA) 


Operating temperature range, Topt 


-40 to +85°C 


Storage temperature range, Tstg 


-65 to + 150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

DC Characteristics 



Parameter 


Symbol 


Min 


Max Unit 


Accuracy 


VAcOMP 




±100 mV 


Threshold voltage 


VTH 





V DD + 0.1 V 


Comparison time 


ICOMP 


64 


65 t CY K 


PT input voltage 


V|PT 





v DD v 


Capacitance 

T A = 25°C; V DD = V 


Parameter 


Symbol Min 


Max 


Unit Conditions 


Input capacitance 


C| 


10 


pF f = 1 MHz; 


Output capacitance 


Co 


20 


_ unmeasured 
" pins returned 


I/O capacitance 


C IO 


20 


pF to ground 



T A = -10 to +70°C; V DD = +5.0 V 


±10% 












Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Conditions 


Supply current, operating mode 


bD1 




43 


100 


mA 


f CLK = 5 MHz 






58 


120 


mA 


fdK = 8 MHz 


Supply current, HALT mode 


IDD2 




17 


40 


mA 


f CL K= 5 MHz 






21 


50 


mA 


fCLK = 8 MHz 


Supply current, STOP mode 


IDD3 




10 


30 


mA 




Input voltage, low 


V|L 







0.8 


V 




Input voltage, high 


V|H1 


2.2 




V DD 


V 


All except RESET, PIq/NMI, X1, X2 




V IH2 


0.8 x V DD 




v DD 


V 


RESET, PIq/NMI, X1.X2 


Output voltage, low 


Vol 






0.45 


V 


Iql = 1.6 mA 


Output voltage, high 


Vqh 


V DD -1.0 






V 


Ioh = -0.4 mA 


Input current 


l|N 






±20 


ftA 


Plrj/NMI; V, = to V DD 


Input leakage current 


Ili 






±10 


]uA 


All except P1o/NMI; V, = to V DD 


Output leakage current 


Ilo 






±10 


J*A 


V = to V DD 


Vth supply current 


Ith 




0.5 


1.0 


mA 


V TH = to V DD 


Data retention voltage 


V DDR 


2.5 




5.5 


V 
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Supply Current vs Clock Frequency 



External System Clock Control Source 



150 
140 
130 



< 80 





Ta = 25°C 
VDD~5V 
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4 5 6 

fCLK [MHz] 



Internal Oscillator 









X1 


C1 T 






■IH' 


CZI 




C2 n 


: 




X2 









Note: For a parallel resonant quartz crystal, 
C1 , C2 = 1 5 pF (recommended) 



External Clock 



->■ 



Recommended Oscillator Components 



Ceramic Resonator 




Capacitors 


Manufacturer 


Product No. 


C1 (pF) 


C2 (pF) 


Kyocera 


KBR-10.0M 


33 


33 


Murata Mfg. 


CSA.10.0MT 


47 


47 




CSA16.0MX040 


30 


30 


TDK 


FCR10.M2S 


30 


30 




FCR16.0M2S 


15 


6 



AC Characteristics 

T A = -10 to +70°C; V DD = +5.0 V ±10% 



Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


Vdd rise, fall time 


WD. tpvD 


200 




US 


STOP mode 




*IR. *IF 




20 


ns 




Input rise, fall time 


Except X1.X2, RESET, NMI 


Input rise, fall time (Schmitt) 


t|RS. t|FS 




30 


ns 


RESET, NMI 


Output rise, fall time 


tOR. ^OF 




20 


ns 


Except CLKOUT 


X1 cycle time 


l CYX 


98 


250 


ns 


5-MHz CPU clock 




62 


250 


ns 


8-MHz CPU clock 


X1 width, low 


twXL 


35 




ns 


5-MHz CPU clock 




20 




ns 


8-MHz CPU clock 


X1 width, high 


*WXH 


20 




ns 


5-MHz CPU clock 




20 




ns 


8-MHz CPU clock 


X1 rise, fall time 


kR. txF 




20 


ns 


8-MHz CPU clock 


CLKOUT cycle time 


^YK 


125 


2000 


ns 


fx/2, T = t CY |< 
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AC Characteristics (cont) 


Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


CLKOUT width, low 


%KL 


0.5T - 15 




ns 


Note 1 


CLKOUT width, high 


*WKH 


0.5T - 15 




ns 




CLKOUT rise, fall time 


^KR- *KF 




15 


ns 




Address delay time 


*DKA 


15 


90 


ns 




Address valid to input data valid 


tDADR 




T(n + 1.5)-90 


ns 


Note 2 




tDMRD 




T(n + 1)-75 


ns 




MREQ to data delay time 






*DMSD 




T(n + 0.5)-75 


ns 




MSTB to data delay time 




MREQ to TC delay time 


tDMRTC 




0.5T+50 


ns 




MREQ to MSTB delay time 


tDMRMS 


0.5T - 35 


0.5+35 


ns 




MREQ width, low 


tWMRL 


T(n + 1)-30 




ns 




Address hold time 


*HMA 


0.5T - 30 




ns 




Input data hold time 


*HMDR 







ns 




Next control setup time 


tscc 


T-25 




ns 




TC width, low 


twTCL 


2T-30 




ns 




Address data output 


*DADW 


0.5T+50 




ns 




MREQ delay time 


tDAMR 


0.5T - 30 




ns 




MSTB delay time 


*DAMS 


T-30 




ns 




MSTB width, low 


tWMSL 


T(n+0.5)-30 




ns 




Data output setup time 


*SDM 


T(n + 1)-50 




ns 




Data output hold time 


*HMDW 


0.5T - 30 




ns 






*DAIS 


0.5T - 30 




ns 




IOSTB delay time 






tDISD 




T(n + 1)-90 


ns 




IOSTB to data input 






twiSL 


T(n + 1)-30 




ns 




IOSTB width, low 




Address hold time 


tHISA 


0.5T - 30 




ns 




Data input hold time 


*HISDR 







ns 




Output data setup time 


*SDIS 


T(n + 1)-50 




ns 




Output data hold time 


tmsDw 


0.5T - 30 




ns 




Next DMARQ setup time 


tSDADQ 




T 


ns 


Demand mode 


DMARQ hold time 


*HDADQ 







ns 


Demand mode 


DMAAK read width, low 


tWDMRL 


T(n + 1.5)-30 




ns 




DMAAK to TC delay time 


tDDATC 




0.5T+50 


ns 




DMAAK write width, low 


tWDMWL 


T(n + 1)-30 




ns 




RE FRQ delay time 


*DARF 


0.5T-30 




ns 




RE FRQ width, low 


tWRFL 


(n + 1)T-30 




ns 




Address hold time 


*HRFA 


0.5T-30 




ns 




RESET width, low 


%RSL1 


30 




ms 


STOP mode release; power- 
on reset 


RESET width, low 


%RSL2 


5 




JUS 


System warm reset 


MREQ, IOSTB to READY setup time 


*SCRY 




T(n-1)-100 


ns 


n £ 2 


MREQ, IOSTB to READY hold time 


*HCRY 


T(n - 1) 




ns 


n s 2 
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AC Characteristics (cont) 


Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


HLDAK output delay time 


^KHA 




80 


ns 




Bus control float to HLDAK 1 


tCFHA 


T-50 




ns 




HLDAK T to control output time 


l DHAC 


T-50 




ns 




HLDRQ i to control output time 


tDHQC 


3T +30 




ns 




HLDAK width, low 


tWHAL 




T 


ns 




HLDRQ setup time 


tSHQK 


30 




ns 




HLDRQ to HLDAK delay time 


tDHQHA 




3T + 160 


ns 




HLDRQ width, low 


tWHQL 


1.5T 




ns 




INTP, DMARQ setup time 


tsiQK 


30 




ns 




TNTP, DMARQ width, high 


twiQH 


8T 




ns 




INTP, DMARQ width, low 


twlQL 


8T 




ns 




POLL setup time 


tSPLK 


30 




ns 




NMI width, high 


tWNIH 


5 




US 




NMI width, low 


t WNIL 


5 




jUS 




CTS width, low 


tWCTL 


2T 




ns 




INTR setup time 


l SIRK 


30 




ns 




INTR hold time 


Ihiaiq 







ns 




INTAK width, low 


twiAL 


2T-30 




ns 




INTAK delay time 


^DKIA 




80 


ns 




INTAK width, high 


twiAH 


T-30 




ns 




INTAK to data delay time 


tDIAD 




2T-130 


ns 




INTAK to data hold time 


tlHIAD 





0.5T 


ns 




SCKO cycle time 


tCYTK 


1000 




ns 




SCKO (TSCK) width, high 


*WSTH 


450 




ns 




SCKO (TSCK) width, low 


twSTL 


450 




ns 




TxD delay time 


tDTKD 




210 


ns 




TxD hold time 


^TKD 


20 




ns 




CTSO (RSCK) cycle time 


l CYRK 


1000 




ns 




CTSO (RSCK) width, high 


l WSRH 


420 




ns 




CTSO (RSCK) width, low 


twSRL 


420 




ns 




RxD setup time 


tSRDK 


80 




ns 




RxD hold time 


tHKRD 


80 




ns 





Notes: (1) T = CPU clock period (tc YK ) 



(2) n = number of wait states inserted 



STOP Mode Data Retention Characteristics 

T A = -10 to +70°C 



Parameter 


Symbol 


Min 


Max 


Unit 


Data retention voltage 


Vddde 


2.5 


5.5 


V 


V DD rise time 


l LFVD 


200 




jUS 


Vd D fall time 


tFVD°C 


200 




jus 
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Timing Waveforms 

Stop Mode Data Retention Timing 



AC Inout Waveform 2 (RESET, NMI) 




AC Input Waveform 1 (Except XI, X2, RESET, NMI) AC Output Test Point (Except CLKOUT) 




Clock In and Clock Out 



CLKIN1 

[X1] 



tXR 



-tWXH- 



tXF 



/ V^ \ / ^ 



tWXL- 



-«CYX- 



VDD 
8 V 



\ 



- «WKL - 



/ 



tKR 



-tWKH- 



""-t K F 



X 



- tCYK - 



2.2 V 
0.8 V 
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nun 


w 


Memory Read 


CLKOUT 


/ 






\ 








Bl 


1 




\ ) 












'. 


^ \ 


/-■ 


/ 






«— tDKA— ► 












A19-A0 




>- 


1 ^ 

c - 


<■ 






I tHMA 


; 




1 


:■■ > 


D/-D0 


< 








-tDMRD — ►- 




tHMDR^ 






R/W 




/ 


1 

tDAMR 




tWMRL 






— tscc 












,< 








MREQ 


\ 


f 


\ 


••-tDMRMS— ► 


tDMSD 

■« ►■ 




MSTB 




1 
DAMS '- 


K f 


f 




- tWMSL »■ 




IOSTB 


\ 


REFRQ 


\ 


DMAAK1- 
DMAAKO 


->-ioMnrc-<- 




f 

33-004309C 


TC1-TC0 




\ 




WTCL- 
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Memory Write 



-tCYK- 



J^~\ 



-tDKA-*- 



A19-A0 



D7-D0 



MSTB 



REFRQ 



TC1-TC0 



X 



■•-tDADW-*- 



\ 



X 



< 



-tDAMR-*- 



tSDM- 



- tWMRL - 



-tHMA- 



♦-tHMDW- 



> 



L 



- t.scc — 



\ 



/ ! v 



tDMRMS 



\ f 



■* tDAMS r-*- 



♦7 tWMSL- 






«-tDMRTC- 



\ 



tWTCL - 



f 
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I/O Read 



A19-A0 



D7-D0 



MREQ 



IOSTB 



-tCYK- 



J \ / \ / 



IDKA 



X 



7 



■* tDADR »• 



< 



-tDAIS- 



\ 



iDISD 



-«WISL- 



X 



U-tHISA-» 



/ 



tHISDR 



\ 



K 



-tscc ► 



\ 



! v 



\ 
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I/O Write 



-tCYK- 



A19-A0 



D7-D0 



A 



tDADW 



< 



■*-tDAIS- 



\ 



-tSDIS- 






h 



tHISA- 



I 



-tWISL - 



tmsDW 



L 



K 



-tscc - 
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DMA, I/O to Memory 



CLKOUT 

A19-A0 
D7-D0 — 
R/W 

MREQ 

MSTB 

IOSTB 

DMARQO- 
DMARQ1 

DMAAK1- 
DMAAKO 

TC1-TC0 


/ 






— 1 




















/ 




\ 




V 


*— tDKA— ► 


\ 


\ 


/ 




/ 


\ 




5? 


1 \ 

E. ' ... 7 


< 










< J 






N 


( 






tDAMR — •> 




tHMA- 






\ 






'< 


f 


s 


\ 






) 












-tDAMS *■ 


t 






•» — tWMSL — •■ 










• tSDADQ • 


\ 


1 


\ 






••— tHDADQ-* 






1 








{ 


V C 


/ ^ 




r 

83-004313C 


















^ 










-tw 
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DM. A, Memory to I/O 



CLKOUT 



A19-A0 



D7-D0 



MREQ 



DMARQO 
DMARQ1- 



DMAAK1- 



TC1-TC0 



-tCYK- 



^J~ ^^ ^^ 



-tDKA- 



X 



X 



/ 



-tDAMR- 



-tWMRL- 



-tHMA- 



\ 



y 



x 



- tscc - 



\ / 



■* tDAMS ► 



-tWMSL- 



-tSDADQ- 



X 



♦-tHDADQ- 



X 



I 



tWDMWL * 



X 



-*DDATC- 



-tWTCL- 



X 
X 



X 



X 



/ 
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Refresh 








\ 


r 


83-00431 5C 


CLKOUT ) 






> 








«-tDKA-» 


\ h^ 


f 


A19-A0 \ 


f * 
t ' 


K 














R/W i 


* 


\ 




MREQ 




s 


\ 












IOSTB 






» 


\ 




t 




<•— tHRFA — ►■ 






^ 


, 


REFRQ * 


I 1 


















DMAAK1- > 
DMAAKO 


\ 
















RESET 1 




CLKOUT 




— -^w^ 




5 


RESET \ 


/ 








83-00431 6B 
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RESET 2 



1WRSL2- 



N V 



READY 1 







-r 






ffi 




D1 


DAW 


DAW 


MREQ 


tSCRY — f 


|c 


/ 














*~ 




READY 


/ 


\ y^_ 






83-00431 8B 



READY2 



\ 



tSCRY*- 



n = 2 
-« IHCRY* 



\ yy \ 



' tSCRY [READY setup time] and tHCRY [READY hold time] are a function of 
T and n. Timings shown are examples for n = 2 and n = 3. 
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HLDRQ/HLDAK 1 



tSHQK 
»- 



Bus control* 



tSHQK - 



\ { 



tDKHA- 



-tWHQL- 



> 



tCFHA 

■4 ►■ 



-tDHQHA- 



\ 



*Ai9-Ao, D7-D0, MREQ, MSTB, IOSTB, R/W 



-tWHAL- 



< 



tDHAC 



/ 



HLDRQ/HLDAK 2 



HLDRQ 



tDKHA 



J 



tSHQK 



\ 



/ 



-tWHQL 



tDHQC 



A19-A0, D7-D0, MREQ, MSTB, IOSTB, R/W 



INTP, DMARQ Input 



INTP, 
DMARQ 4 



/ 



tSIQK 



- twiQH - 



*INTP2-INTP0, DMARQ1-DMARQ0 



\ 



— a — 

-twIQL- 
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POLL Input 



NMI Input 



tSPLK 



/ 



tSPLK 



\ 



/ 



\ 



tWNIH- 



-tWNIL- 



CTS Input 












CLKOUT 
CTS1-CTS0 










83-004325B 


_/ 


\ 


k 















21 



pPD79011 



NEC 



INTR/1NTAK 



tSIRK 



D7-D0 



MREQ 
IOSTB 



\ 



tDKIA tHIAIQ 

« »« 



\ J -^ l f 



tWIAL- 



/ 



tHIAD 



1 



tscc 



Serial Transmit 



CLKOUT 



\ 



X 



tCYTK - 



/ 



■ tWSTL ► 



twSTH- 



\ 



tHTKD 



Jv_ 
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Serial Receive 



-tCYRK- 



\ 



/ 



-twSRL P- 



X 



1 



-twSRH- 



X 



+ tSRDK - 



-tHKRD- 



ARCHITECTURAL DESCRIPTION 

The j*PD79011 is an upgraded version of /*PD70322 
(V25), NEC's original single-chip microcomputer. It has a 
real-time operating system built into internal ROM. 

The jaPD79011 is the same as the V25 in both hardware 
and software specifications except for the built-in ROM 
contents. For more information on the V25, refer to the 
/iPD703.20/70322 V25 Data Sheet 

Memory Map 

The juPD79011 can access a maximum of 1M bytes of 
memory via the 20-bit address bus. A 16K-byte segment 
of memory (FC000H to FFFFFH) is allocated to the 
on-chip ROM. The /nPD79011 operating system is stored 
in this ROM area. 

An external memory area of 2K bytes (FB800H to 
FBFFFH) contains a configuration table. When reset, the 
fiPD79011 starts program execution at address 
FFFFOH, and performs the necessary initialization ac- 
cording to the information in this table. Then, program 
control is passed to each user-defined task. 

A 1K-byte area (00000H to 003FFH) contains the vector 
tables. Thus, the total area for user tasks is from 00400H 
to FB7FFH. 

Figure 1 is the ^PD79011 memory map. 



Figure 1. Memory Map 



"FFFFF 
FFFFO 



Disable 
[Reserved] 



FD800 



FC000 1 [6KB] 




User's Configuration Table 
for RTOS [ROM, max 2KB] 



User's Initial Task 
[System Setup, etc.] 



User's Area 



;i TCB Table for RTOS [RAM] \ 



Address determined at 
configuration time. 
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Reset Operation 

When reset, the /xPD7901 1 begins program execution at 
address FFFFOH and jumps to the reset routine, which 
performs the following processing. 

• Initializes special registers 

• Initializes the interrupt vector table 

• Generates the system table 

• Specifies both semaphore and mailbox areas 

• Generates and starts tasks 

After completing the required reset processing, the 
/tiPD7901 1 jumps to the operating system dispatch rou- 
tine, and then passes the program control to each 
user-defined task. 

Figure 2 is a flowchart of system operation at reset time. 
Figure 2. Reset Operation Flowchart 











RESET 








■ 






Jumps to RESET routine. 








' 






RESET Operation 






' 


' . 






Dispatcher 






> 


' 






First User Task 








49TB-517A 



Interrupt Vectors 

Up to 256 interrupt vectors (4 bytes/vector) can be 
stored in the vector table area. See table 1. 



Table 1 


. Vector Table Area Assignments 


Vector 
Number 


Start 
Address 


Use 


0to31 


OOOOOH 


Reserved for hardware as on fiPD70322 (V25) 


32 to 47 


00080H 


Available for use 


48 


OOOCOH 


Operating system data table 


49 to 55 


0O0C4H 


Available for use 


56 to 63 


OOOEOH 


External pPD71059 (Master. Available for use) 


64 to 71 


0O1OOH 


External fiPD71059 (Slave 0. Available for 
use) 



Table 1 


. Vector Table Area Assignments (cont) 


Vector 
Number 


Start 
Address 


Use 


72 to 79 


00120H 


External juPD71059 
(Slave 1. Available for use) 


80 to 87 


001 40H 


External jtPD71059 
(Slave 2. Available for use) 


88 to 95 


00160H 


External fiPD71059 
(Slave 3. Available for use) 


96 to 
103 


00180H 


External ftPD71059 
(Slave 4. Available for use) 


104 to 
111 


001 A0H 


External jiPD71059 
(Slave 5. Available for use) 


112 to 
119 


001 C0H 


External ju.PD71059 
(Slave 6. Available for use) 


120 to 
127 


001 E0H 


External jtPD71059 
(Slave 7. Available for use) 


128 to 
255 


00200H 


Available for use 



Note: Vectors 56 to 127 are assigned to the master and slave interrupt 
controllers when added to the jaPD79011. Otherwise, the area is free 
to be used. 

Configuration Table 

The configuration table resides in memory from FB800H 
to FBFFFH. The reset routine obtains initialization infor- 
mation from the configuration table. Any items not ini- 
tialized by the reset routine must be initialized by the 
user initial task. 

Table 2 is an example of a configuration table. It shows 
the assembler sources (described by RA70116). The 
input values in the table are only examples. 



Table 2. 


Configuration Table, Filing Example 


CONF_TBL 


Data 


Type 


Example Value 




Notes 


PTR0 


DW 




INTERNAL. RAM. 


BASE 


1 


PTR1 


DW 




TASHLCNT 






PTR2 


DW 




SMA.CNT 






PTR3 


DW 




MBOX.CNT 






INTERNAL. 
RAM_BASE 


DB 




FFH 




2 


PRCJNFO 


DB 




46H 






LOW_DS 


DW 




1000H 




3 


HIGH.DS 


DW 




2000H 






BLK_SIZE 


DW 




2FC0H 
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Table 2. 


Configuration Table, Filing Example 
(cont) 


CONF_TBL 


Data Type 


Example Value Notes 


PORTO 


DW 


1000H 4 


PORT1 


DW 


2000H 


PORT2 


DW 


OFFFFH 


PORT3 


DW 


OFFFFH 


PORT4 


DW 


OFFFFH 


PORTS 


DW 


OFFFFH 


PORT6 


DW 


OFFFFH 


PORT7 


DW 


OFFFFH 


PORT8 


DW 


OFFFFH 


TASK_CNT 


DB 


2BH 5 


MIN_TASK_NO DB 





INIT.TASK 


DB 





IDLE_SP 


DW 


1000H 6 


IDLE_SS 


DW 


0F000H 


INIT_PC0 


DW 


OOOOH 7 


INIT_PS0 


DW 


S 


INIT.SPO 


DW 


2000H 


INIT.SSO 


DW 


0F000H 


INIT_DS0 


DW 


2000H 


INIT.PC1 


DW 


1000H 7 


INIT_PS1 


DW 


S 


INIT_SP1 


DW 


3000H 1 


INIT.SS1 


DW 


0F000H 


INIT_DS1 


DW 


2000H 


SMA.CNT 


DW 


2 8 


INIT_RSC0 


DW 


1 




DW 


10H 


MBOX_CNT 


DW 


10H 


RESERVE 


DW 


00H 9 


CONF.TBL 


ENDS 






END 





Notes: 

(1) Pointers 

(2) System information 

(3) RAM information 

(4) Interrupt controller information 

(5) User task information 

(6) Idle task stack information 

(7) User task register information 

(8) Semaphore/mailbox information 

(9) Reserved area 



Pointers 

A pointer is an offset value obtained using a segment 
value of 0FB08H. The following pointers are provided. 
The organization of the configuration table changes 
according to user system status. 



Pointer 


Size 


Points to 


PTRO 


1 word 


INTERNAI_RAM_BASE 


PTR1 


1 word 


TASK_CNT 


PTR2 


1 word 


SMA_CNT 


PTR3 


1 word 


MBOX_CNT 



System Information 

INTERNAL_RAM_BASE: This byte is required to set the 
internal RAM base segment of the /tPD79011. It is spec- 
ified in the internal data area base register (IDB address 
OFFFFFH). 

If XXH is specified as the IDB value (where X is a 
hexadecimal number), the internal RAM base segment is 
assumed to beXXOOH. Therefore, each register bank and 
the special function register (including IDB) are assigned 
to the 51 2-byte area starting at address XXEOOH. 

PRCJNFO. This byte sets the processor control register 
(PRC), which has the following functions. 

• System clock divider of oscillator frequency 

• Interval of time base interrupt 

• Enable/disable of internal RAM 

RAM Information 

The configuration table provides the following RAM in- 
formation. 

LOW_DS/HIGH_DS: These two words specify the user 
free RAM area. Because it is a continuous memory area, 
both the upper and lower limit segment addresses (offset 
0) must be used to specify this area. 

The initialize routine sets the system table and each 
control block in this RAM area. Any remaining, control 
blocks are queued in the system table as memory blocks 
(the section System Calls provides more information). 
The user free RAM area must be large enough to hold all 
control blocks. 
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BLK_SIZE: This word of information specifies the mem- 
ory block size in units of 16 bytes. If BLK_SIZE of zero is 
specified, no memory blocks are generated. 

Interrupt Controller 

PORTO through PORT8 (9 words) provide the information 
required when one or more external interrupt controllers 
OxPD71059) are connected to /aPD79011. 

PORTO specifies the port address for the master inter- 
rupt controller. PORT1 through PORT8 specify the port 
addresses corresponding to the slave interrupt control- 
lers (0 to 7). 

If fewer than nine interrupt controllers are used, OFFFFH 
indicates the addresses of the unused interrupt control- 
lers. 

User Task Information 

TASK-CNT: This byte of information specifies the total 
number of user tasks (except for idle tasks). Up to 63 
tasks can be specified. 

MIN_TASK_NO: User task numbers are assigned sequen- 
tially starting from this number, the mimimum task 
number. Only tasks with numbers greater than the mini- 
mum task number are generated. 

INIT_TASK: This byte of information indicates the num- 
ber of the first task that the operating system must 
execute when the system is initialized. All other tasks are 
dormant when the system is initialized. 

Idle Task Stack 

IDLE_SP: This word of information specifies the idle task 
stack pointer (SP) value. 

IDLELSS: This word of information specifies the idle task 
stack segment (SS) value. When a stack is set, any value 
can be used for the address. The stack area must be a 
minimum of 32 bytes. 

User Task Register Initialization 

INIT_PC0: This word of information specifies the initial 
value of the program counter (PC) in relation to the 
minimum user task number specified for MIN_TASK_NO. 

INIT_PS0: This word of information specifies the initial 
value of the program segment (PS) for the first user task. 

INIT_SP0: This word of information specifies the initial 
value of the stack pointer (SP) for the first user task. 

INIT_SS0: This word of information specifies the initial 
value of the stack segment (SS) for the first user task. 
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INIT_DS0: This word of information specifies the initial 
value of the data segment (DS) for the first user task. 

The above set of register initial values is repeated for 
each user task. 

Semaphore/Mail box 

SMA_CNT: This word of information specifies up to 256 
semaphores to be used. 

INIT_RSC0: This word of information supplies the initial 
number of resources for semaphore 0. After specification 
of semaphore 0, the initial number of resources of all 
other semaphores should be specified sequentially. 

MBOX_C NT: This word of information specifies the num- 
ber of mailboxes (up to 256) to be used. 

Reserved Area 

RESERVE is a one-word area. You must specify a value of 
for RESERVE. 

Task Status and Status Change 

Table 3 shows the various task statuses. Figure 3 shows 
all task status changes. 

Table 3. Task Status 



Status 



Meaning 



RUN 



One task, given priority to use the CPU, is 
currently being executed. 



READY A task is ready to execute. A READY task has a 

priority lower than the task currently under 
execution and is hence blocked by the priority 
handler. 

WAIT A task is waiting for an event to occur so it can 

go into the READY status. This status is caused 
by the following conditions: 
WAIT - a system call caused the status change 
and the task is either waiting for a resource with 
a semaphore, waiting for a message (through 
mail box or direct connection), or waiting for an 
interrupt. 



SUSPEND The system call SUSJTSK suspended execution 

forcibly when the task was in the RUN status. 
The task must wait for a system call to restart 
execution 

WAIT S USPE ND A task was forcibly moved into the WAIT status 
and has a double wait status. If the system call 
RSM_TSK is issued to a task in the WAIT 
SUSPEND status, the task is released from the 
SUSPEND status and goes into the WAIT 
status. If released from the WAIT status, the task 
goes into SUSPEND status. 

DORMANT When the system is initialized, only one task 

goes into the READY state. All other tasks go 
into the DORMANT status. If the system call 
EXT_TSK is issued to a task that is executing, 
this task becomes DORMANT. 
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Figure 3. Task Status Change 
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Idle Task 

The jtPD7901 1 operates an idle task when no user-set 
task needs to be executed. The user-specified maximum 
number plus 1 is used as the idle task number. 

If the idle task begins execution, it executes the HALT 
instruction in the Interrupt Enable status, then waits for 
an interrupt to be issued. 

FUNCTIONAL DESCRIPTION 

The mPD7901 1 can handle up to 64 tasks numbered and 
assigned priorities from to 63. Task numbers and 
priority levels correspond to each other. (For example, 
task 3 has a task priority of 3.) Level is the highest 
priority; level 63 is the lowest priority. 

Tasks are scheduled according to their priority levels. 
The /*PD79011 selects and executes the READY task 
with the highest priority (RUN status). 

Like the V25, the jtPD79011 has 8 register banks (num- 
bered to 7). Task switching can be done at a high speed 
using these register banks. The operating system occu- 
pies bank 7. The remaining banks (0 to 6) are all assigned 
to tasks. 

Of the 7 register banks, tasks numbered to 5 are 
assigned to banks to 5 and are resident in the banks. 
Because the bank-resident tasks do not require any 
processing to save/return the task status, task switching 
can be handled quickly. 



The remaining tasks, numbered 6 to 63, are all assigned 
to bank 6. These tasks, unlike tasks resident in banks, 
require processing time to swap the task state to register 
bank 6. 

Table 4 shows the register banks and tasks. 

Table 4. Register Banks and Corresponding 
Tasks 



Register Bank Task 


•Priority 


Type 








Resident 


1 1 1 


2 2 


2 




3 3 


3 




4 4 


4 




5 5 


5 




6 6 to 63 


6 to 63 


Non-resident 


7 — 


- 


Occupied by>PD79011 OS 



No priority can be set for DMA or macroservice transfer. 

Task Management 

The task management function is used to terminate, W 
start, suspend, restart tasks, and set the restart address. 

If system call STA_TSK is issued to a task, the task exits 
the DORMANT status and goes into the READY status. 
If system call SUS_TSK is issued to a task, the specified 
task goes into the SUSPEND status. The task exits the 
SUSPEND status when system call RSrVLTASK is issued, 
and its status becomes READY 

The restart address is set by issuing system call 
SETJVDR. The SET_ADR is always used with system call 
RESJNT to end the interrupt handler. (Refer to the 
section Interrupt Management for additional informa- 
tion.) 

Synchronization/Communication Management 

Tasks are synchronized by queuing or mutual exclusion. 
If tasks are queued, they are processed and executed 
one at a time. 

Mutual exclusion is used in task processing to prohibit 
simultaneous access by more than one task to a shared 
resource (such as memory, an I/O device, etc.). 

The /aPD79011 uses semaphores for task synchroniza- 
tion and mailboxes for intertask communication. 

Semaphores 

The jtPD79011 implements semaphores to manage re- 
sources and for queuing or mutually excluding tasks. 



27 



pPD79011 



Both the P instruction (Obtain Resource) and the V 
instruction (Release Resource) manage only one re- 
source at a time. 

The P instruction can use the following system calls. 

RECLRSC: If the request to obtain resource is not ac- 
cepted, the task goes into the WAIT status. 

POLJRSC: If the request to obtain resource is not ac- 
cepted, the system is notified that the request has been 
rejected. 

The V instruction (system call REL.RSC) releases the 
occupied resource. 

Figure 4 shows how to use system calls to avoid simul- 
taneous read and write to shared memory. In figure 4, 
both tasks A and B share the same resource (memory). 
An interrupt is issued when task A is executed and 
control is passed between the two tasks. If the 
RECLBSC request is not accepted because the resource 
is used by another task (task A), task B goes into the 
WAIT status. 



Figure 4. 
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Intertask Communication 

Tasks communicate with each other in one of two ways, 
directly and nondirectly . Each task has a mailbox with a 
task queue for receiving messages and a message queue 
for sending messages. No mailbox is required for direct 
communication. Messages can be sent directly from one 
task to another. 

If a task cannot receive a message for any reason (either 
directly or in a mailbox), one of the following system 
calls is issued. 

RCV_MSG: Issued if a message was sent to a mailbox; 
the task goes into WAIT status. 

RCVJDIR: Issued if a message was sent directly; the task 
goes into the WAIT status. 



POL_MSG: Issued if a message was sent to a mailbox; 
notifies the system that no message can be received. 

POL.DIR: Issued if a message was sent directly; notifies 
the system that no message can be received. 

Memory Management 

You can issue system calls to secure and return memory 
blocks dynamically on the /*PD79011. The memory block 
size is specified at configuration time. 

Task status remains the same and an the error code is 
returned when the GET_MEM system call is unable to 
secure a block of memory. 

If a memory block is specified as the message area, the 
system uses the first two bytes of memory (figure 5). 
Consequently, available memory (specified in the config- 
uration table) is reduced by 2 bytes. 



Figure 5. 
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Interrupt Management 

For internally and externally generated interrupt re- 
quests, RTOS has the following functions to support the 
associated interrupt service routines. 

• Interrupt handler assignment 

• Interrupt handler return 

• Interrupt enable/disable 

• interrupt wait status 

When DEFJNT is issued, a correspondence is set be- 
tween the request lever (Or vector type) of an external 
nPD71059 interrupt controller and the starting address 
of its service routine. 

The ENAJNT and DISJNT calls allow interrupts to be 
enabled or disabled. 
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The SIGJNT and RESJNT system calls terminate the 
interrupt handler and pass control to the top-queued 
task (queued by the WALINT call). 

Figure 6 shows how SIGJNT passes control to a task. 
The following events occur in the figure. 

• Due to WALINT, task B waits for an interrupt. 

• An interrupt is issued while task A is running. 

• SIGJNT is issued to task B at the end of interrupt 
handling. 

If the priority of task A is higher than that of task B, 
control is passed to task A when SIGJNT is executed 
(the interrupted task). If the priority of task B is higher, 
control is passed to task B. 

Figure 6. SIGJNT Examples 
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The RESJNT system call is always used with the SET_ 
ADR system call to set the restart address. If SET_ADR 
has already been issued in an interrupted task handler 
that issues RESJNT, RESJNT passes control to the 
restart address specified by SET_ADR, not to the ad- 
dress where the interrupt was issued. 

Figure 7 shows how to use the RESJNT system call to 
pass control to a task. 

Figure 7. RESJNT Example 
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SYSTEM CALLS 

The /iPD79011 provides the following types of system 
calls. 

• Task management 

• Synchronization/communication management 

• Memory management 

• Time management 

• Interrupt management 

The system calls all have ID numbers assigned to them. 
Descriptions of system calls include their syntax and 
any error codes that may be returned to the task when 
the call is issued. 

You can use the C language or assembly language to 
develop programs for the jkPD79011. If using the C 
language, an error code is returned as a function value of 
the system call. If using assembly language, an error 
code is returned to the AW register of the jttPD7901 1 as a 
return parameter. 

C Language Interface 

The /xPD79011 supports the C language, a high-level 
language for developing large or small programs. To 
issue system calls in the C language, an assembler 
routine is required as an interface between the jiPD7901 1 
operating system and the C language. Refer to the 
Assembly Language Interface section for details on writ- 
ing the interface. 

Following is the syntax use for issuing calls in the C 
language. 

err = <name> ([< parameter >]); 

Argument Description 

err Function value returned by RTOS 

< name> 7-letter System Call Name 

< parameter > Input parameter 

Assembly Language Interface 

The jiPD79011 has a C language-oriented architecture. 
Therefore, when issuing system calls using assembly 
language, the /uPD79011 always sends and receives 
parameters via a stack. (If the system call requires no 
parameters, no stacking is needed.) 

The syntax for issuing system calls using assembler and 
loading the stack for operation are shown below. If the 
parameter is a pointer, the offset value is stacked in the 
lower address area of the stack, and the segment value is 
stacked in the upper address area. 
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err = <name> (argl, arg2, arg3); 



Argument 

<name> 

argl 

arg2 

arg3 



Description 

7-letter System Call Name 

unsigned int 

int 

unsigned int 



The system call is issued in the following sequence. 

• Parameter 3 (arg3) is stacked. 

• Parameter 2 (arg2) is stacked. 

• Parameter 1 (argl) is stacked. 

• A pointer to the parameter area is stacked. 

• The system call number is set in the AW register. 

• RTOS_ENTRY (FC000H) is called between segments. 

An intersegment system call is needed even when the 
RTOS_ENTRY address is within the same segment. 

Figure 8. Stacking Conditions 
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The procedures for issuing the SIGJNT and RESJNT 
system calls are different. They are explained later in this 
data sheet. 

TASK MANAGEMENT SYSTEM CALLS 

The following system calls are used for task manage- 
ment. 

System Call Description 

STAJTSK Starts task processing 

EXT_TSK Terminates task processing 

SUS_TSK Suspends task processing 

RSM_TSK Restarts task processing 

SET_ADR Sets restart address 

Start Task (STAJTSK) 

System Call 0. STAJTSK starts task processing during 
which the task goes into the READY status from the 
DORMANT status. It has the following syntax. 

int STAJTSK (task_no) 



(1) Parameter. 




I/O Name 

In int task_no; 


Description 

Task number (0 to 62) 


(2) Return value. 




Error Code Number 
E_OK 
E_DMT 1 


Description 
Normal end 
Task is not DORMANT 


(3) C format. 





short task_no; 

ercode = STA_TSK(task_no); 

STAJTSK can only be issued to a task that is in the 
DORMANT status. 

The started task processing is done in one of the follow- 
ing ways. 

• Executed for the first time. 

• After it is terminated once, it is restarted. 

If a task is executed for the first time, the task processing 
starts from the initial address. Initial values from the 
configuration table are also used for the stack pointer, 
stack segment, and data segment values. Other register 
values are not defined. 

If the task processing is ended once and then restarted, 
the task also resumes at the initial address. In this case, 
the stack pointer, stack segment, data segment values, 
and other register values assume the values they had 
just before the EXTJTSK system call was issued. 

Exit Task (EXTJTSK) 

System Call 1. EXTJTSK terminates task processing 
and moves the task into the DORMANT status from the 
RUN status. It has the following syntax. 

int EXTJTSK ( ) 

(1) Return value. 

Error Code Number 



E_OK 







Description 
Normal end 



(2) C format. 

ercode = EXT_TSK(); 

If STAJTSK restarts a task in the DORMANT status (due 
to EXTJTSK), the start address returns to the initial 
value. Other register values retain the values they had 
when EXTJTSK was issued. Thus, the stack pointer, 
stack segment, data segment values may not match the 
values assumed at configuration time. 
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Suspend Task (SUSJTSK) 

System Call 2. SUS_TSK suspends a task and puts it 
into the SUSPEND status. It has the following syntax. 

int SUSJTSK (task_no) 

(1) Parameter. 

I/O Name Description 

In int task_no; Task number (0 to 62) 

(2) Return value. 

Error Code Number Description 

E_OK Normal end 

E_DMT 1 Task is DORMANT 

E_SUS 2 Task is in SUSPEND status 

(3) C format. 

short task_no; 

ercode = SUS_TSK(task_no); 

SUSJTSK cannot be issued to tasks that are in the 
DORMANT status or in the SUSPEND status. 

If SUS_TSK is issued to a task in the WAIT status, the task 
goes into the WAIT SUSPEND status. 

Resume Task (RSMJTSK) 

System Call 3. RSMJTSK restarts a task that is in the 
SUSPEND status. It has the following syntax. 

int RSMJTSK (task_no) 

(1) Parameter. 



Set Restart Address (SET_ADR) 

System Call 4. SET^ADR sets the restart address of a 
task. It has the following syntax. 



int SET_ADR (restart_adr) 




(1) Parameter. 




I/O Name 


Description 


In int (restart_adr); 


Task restart address 


(2) Return value 




Error Code Number 


Description 


E_OK 


Normal end 


(3) C format. 





I/O Name 


Description 


System Call 


In int task_no; Task number (0 to 62) 


REQ_RSC 


(2) Return value. 






POL.RSC 


Error Code 


Number 


Description 




E_OK 





Normal end 


RELRSC 


E_DMT 


1 


Task is DORMANT 


RCV_MSG 


E_SUS 


2 


Task is not in SUSPEND 
status 


POL.MSG 
SND MSG 


(3) C format, 
short task nn 






RCV_DIR 
POUDIR 



ercode = RSM_TSK(task_no); 

RSMJTSK cannot be issued to tasks that are in the 
DORMANT status or in the SUSPEND status. 

If it is issued to a task in the WAIT SUSPEND status, the 
task is released from the SUSPEND status and goes into 
the WAIT status. 



ercode = STA_TSK(restart_adr); 
pointer restart_adr; 

SET_ADR is always used in conjunction with the RES- 
JNT system call. If RESJNT is issued on return from the 
interrupt handler, control is passed to the restart address 
set previously by SET_ADR. 

SET_>\DR can be issued more than once, but the system 
only validates the last restart address that was issued. W* 
Setting the restart address to clears current restart 
address. 

SYNCHRONIZATION/COMMUNICATION 
MANAGEMENT SYSTEM CALLS 

The following system calls are used for synchronization/ 
communication management: 

Description 

Requests resource from a 

semaphore 

Requests resource from a 

semaphore (no wait) 

Releases resource for a semaphore 

Receives messages from a mailbox 

Receives messages from a mailbox 

(no wait) 

Sends messages to a mailbox 

Receives messages sent to this task 

Receives messages sent to this task 

(no wait) 

Sends messages to the specified 

task 



SND_DIR 



Request Resource (RECLRSC) 

System Call 5. REQ_RSC requests a resource from the 
specified semaphore. It has the following syntax. 

int REQ_RSC (semaphore_no) 



31 



pPD79011 



NEC 



(1) Parameter 

I/O Name Description 

In int semaphore_no; Semaphore number (0 to 
specified number) 

(2) Return value. 

Error Code Number Description 
E_OK Normal end 

(3) C format. 

ercode = REQ_RSC(semaphore_no); 
short semaphore_no; 

If RECLRSC is issued when the resource count is 0, the 
task goes into the WAIT status. If the resource count is 
more than 1, the resource count is decremented by one. 

Each semaphore has a task queue. But, if RECLRSC 
causes a task to go into the WAIT status, the task is 
placed in the last position in the queue regardless of its 
priority. 

Poll Resource (POL_RSC) 

System Call 6. POL_RSC is used to request resources 
from the specified semaphore. It has the following syn- 
tax. 

int POL_RSC (semaphore_no) 

(1) Parameter 

I/O Name Description 

In int semaphore_no; Semaphore number (0 to 
specified number) 

(2) Return value. 

Error Code Number Description 
E_OK Normal end 

E_RSC 6 Resource count is 

(3) C format. 

ercode = POL.RSC(semaphore_no); 
short semaphore_no; 

POL.RSC is used to determine whether any resources 
are left in the specified semaphore. Unlike the RE- 
CLRSC, POL.RSC never causes a task to go into the 
WAIT status. Instead, it returns the E_RSC error code 
when the resource count is 0. If the resource count is 
more than 1, the count is decremented by 1. 

Release Resource (RE L_RSC) 

System Call 7. REL.RSC releases resource for the 
specified semaphore. It has the following syntax. 

int REU.RSC (semaphore_no) 



(1) Parameter. 

I/O Name 
In 



Description 



int semaphore_no; Semaphore number (0 to 
specified number) 

(2) Return value. 

Error Code Number Description 
E_OK Normal end 

(3) C format. 

ercode = REL_RSC(semaphore_no); 
short semaphore_no; 

When REL.RSC is issued, the semaphore resource 
count is increased by 1. If WAIT tasks exist, the earliest- 
wait task is selected and released from the WAIT status. 

The initial value of the semaphore resource count is set 
when the system is started. No error occurs even when 
the resource count exceeds the initial value as a result of 
issuing REL.RSC. If the resource count exceeds 65,535, 
the resource count is cleared to automatically and no 
error is generated. 

Receive Message (RCV.MSG) 

System Call 8. RCV_MSG receives messages from 
mailboxes. It has the following syntax. 

int RCV_MSG (mail box_no) 

(1) Parameter. 

I/O Name Description 

In int mail box_no; Mailbox number (0 to 
specified number) 

(2) C format. 

seg = RCV_MSG(mailbox_no); 
short mailbox_no; 

If RCV_MSG is issued when messages are present in 
mailboxes, the earliest message is selected and the 
segment value of the message area is returned as the 
function value. 

If there is no message, the task goes into the WAIT status 
and it is placed in the last position in the mailbox queue. 

Poll Message (POL.MSG) 

System Call 9. POL.MSG receives messages from 
mailboxes. It has the following syntax. 

int POL.MSG (mailbox_no) 
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(1) Parameter. 

I/O Name 

In int mailbox_no; 



Description 
Mailbox number (0 to 
specified number) 



(2) Return value. If there are any messages in the spec- 
ified mailbox, the message area segment value is 
returned. If there is no message, the following error 
code is returned. 



(3) 



Error Code 
E_MSG 

C format. 



Number 



Description 

No message found 



seg = POL_MSG(mailbox_no); 
short mailbox_no; 



If POL_MSG is issued when messages are present in 
mailboxes, the earliest message is selected and the 
segment value of the message area is returned as the 
function value. 

If no message is found, unlike the RCV_MSG system call, 
the task never goes into the WAIT status. Instead, the 
E_MSG error code is returned. 

Send Message (SND.MSG) 

System Call 10. SND_MSG sends messages to mail- 
boxes. It has the following syntax. 

int SND_MSG (mailbox_no, msg_seg) 

(1) Parameter. 

I/O Name 



Description 

Mailbox number (0 to 

specified number) 

Send message area segment 



Description 
Normal end 



In int mailbox_no; 

In int msg_seg; 

(2) Return value. 

Error Code Number 
E_OK 

(3) C format. 

ercode = SND_MSG(mailbox_no, msg_seg); 
short mail box_no; 
short msg_seg; 

If SND_MSG is issued when a task is waiting to be 
processed, the task is released from the WAIT status, and 
the send message area segment value is returned. 

If no tasks are in the WAIT status, the message is queued 
in the mailbox. Like tasks, messages are queued using 
the first-in, first-out (FIFO) method. 



Receive Direct Message (RCV.DIR) 

System Call 11. RCV_DIR receives messages sent di- 
rectly to a task. It has the following syntax. 

intRCV_DIR() 

(1) C format. 

ercode = RCV_DIR(); 

If RCV_DIR is issued when there is no message, the task 
goes into the WAIT status. If a message is present, the 
message area segment value is returned. 

Poll Direct Message (POLDIR) 

System Call 12. POL_DIR receives messages sent by a 
task to itself. It has the following syntax. 

int POL_DIR ( ) 

(1) Return value. If POL.DIR is issued when a message is 
present, the message area segment value is re- 
turned. If no message is present, the following error 
code is returned and the task does not enter WAIT 
status. 



Error Code 



Number 



E_MSG 7 

(2) C format. 

ercode = POL_DIR(n); 



Description 

No message is present 



Send Direct Message (SND_DIR) 

System Call 13. SND_DIR specifies a task and sends a 
message to the specified task. It has the following 
syntax: 

int SND_DIR (task_no, msg_seg) 

(1) Parameter. 

I/O Name Description 



Task number (0 to 62) 
Send message area segment 



Description 
Normal end 



In int task_no; 
In int msg_seg; 

(2) Return value. 

Error Code Number 
E_OK 

(3) C format. 

ercode = SND_DIR(task_no, msg_seg); 
short task_no; 
short msg_seg; 

If SND_DIR is issued when the specified task is waiting 
for a message directly, the task is released from the WAIT 
status. The message area segment value is returned to 
the task. 
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If the specified task is not waiting for any message 
directly, the message is placed in the task message 
queue using the FIFO method. 

MEMORY MANAGEMENT SYSTEM CALLS 

The following system calls are used for memory man- 
agement. 

System Call Description 

GET_MEM Gets a memory block 

REL.MEM Releases the memory block 



REL.MEM cannot release memory blocks containing 
messages in a mailbox or task queue. The memory block 
can only be released after a message is received. 

TIME MANAGEMENT SYSTEM CALLS 

The following system calls are used for time manage- 
ment. 

System Call Description 
GET_TIM Reads the system time 
SET_TIM Sets the system time 



Get Memory (GET_MEM) 

System Call 14. GET_MEM allocates a memory block. It 
has the following syntax. 

int GET_MEM ( ) 

(1) Return value. If a memory block is available when 
GET_MEM is issued, the memory block segment 
value is returned. If no memory block is present, the 
following error code is returned. 



Description 

No memory block found 



Error Code Number 
E_BLK 3 

(2) C format. 

ercode = GET_MEM(); 

GET_MEM can use the memory block as a message area 
for intertask communications. The memory block size is 
specified when the system is started, and the value is 
fixed. 

If the error code is returned, the task never goes into the 
WAIT status. 

Release Memory (REL_MEM) 

System Call 15. REL.MEM releases the specified mem- 
ory block. It has the following syntax. 

int REL.MEM (mem_blk) 

(1) Parameter. 

I/O Name Description 

In int mem_blk; Segment value of the released 
memory block 

(2) Return value. 

Error Code Number Description 
E_OK Normal end 

(3) C format. 

ercode = REUMEM(mem_blk); 
short mem_blk; 



Get Time (GETJTIM) 

System Call 16. GETJTIM reads the system time. It has 
the following syntax. 

int GET TIM (time_ptr) 

(1) Parameter. 

I/O Name Description 

In struct L.time * time_ptr; Pointer to location 

of system time 

(2) Time structure. 

struct t_time{ 
int Ltime; 
int m_time; 
int h_time;}; 

(3) Return value. 

Error Code Number Description 
E_OK Normal end 

(4) C format. 

ercode = GET_TIM(time_ptr); 
pointer time_ptr; 

The system time is 3-word data. The lower order word is 
stored in the lowest order address; the intermediate data 
is in the intermediate address; and the upper order data 
is in the highest address. 

The minimum resolution of the system time is deter- 
mined by the value set in the time base counter in the 
/aPD79011. However, since interrupts to the jxPD79011 
are inhibited during system call processing, choose the 
minimum resolution of the system time with system call 
overhead time in mind. 

Set Time (SETJTIM) 

System Call 17. SET_TIM sets the system time. It has 
the following syntax. 



34 



NEC 



JUPD79011 



int SET_TIM (time_ptr) 

(1) Parameter. 

I/O Name Description 

In struct t_time * time_ptr; Time pointer 

(2) Time structure. 

struct t_time{ 
int Ltime; 
int mJime; 
int h_time;}; 

(3) Return value. 

Error Code Number Description 
E_OK Normal end 

(4) C format. 

pointer time_ptr; 

ercode = SET_TIM(time_ptr); 

The /nPD79011 uses the on-chip timer base counter 
output as the system real-time clock source.. The on- 
chip timer therefore starts its counting operation when 
the system is started.The interval from the SET_TIM call 
to the next real-time clock interrupt is an error term 
associated with the initial call to SET_TIM, and all 
subsequent calls produce additional pseudorandom er- 
ror times. The real-time clock interval is set at configu- 
ration time. 

INTERRUPT MANAGEMENT SYSTEM CALLS 

The following system calls are used for interrupt man- 
agement: 



System Call 


Description 


DEFJNT 


Sets the start address of the 




interrupt handler 


SIGJNT 


Starts a task waiting for an 




interrupt and terminates the 




interrupt handler operation 


WALINT 


Waits for an interrupt 


CANJNT 


Releases a task waiting for an 




interrupt from WAIT status 


DISJNT 


Disables interrupts by device 




number 


ENAJNT 


Enables interrupts by device 




number 


RESJNT 


Terminates interrupt handler 




operation and calls the restart 




address 



Define Interrupt Handler (DEFJNT) 

System Call 18. DEFJNT sets the start address of the 
interrupt handler. It has the following syntax. 

int DEFJNT (device_no, start_adr) 

(1) Parameter. 



(2) 



I/O Name 


Description 


In int device_no; 


Device number (interrupt 




level or vector type) 


In int (start_adr) ( ); 


Pointer to interrupt 




handler start address 


Return value. 




Error Code Number 


Description 


E_OK 


Normal end 


E_DVN 4 


Device number error 


E_SYS 5 


System error 



(3) C format. 

ercode = DEF_INT(device_no, start_adr); 
short device_no; 
pointer starLadr; 

If DEFJNT is issued, correspondence between interrupt 
request level of external /iPD71059 interrupt controller 
(or interrupt request vector type) and start address of the 
interrupt handler is established. When an interrupt re- 
quest vector type is specified, the interrupt request 
control register can also be set at the same time. 

If is specified for the interrupt handler start address, 
the existing start address is cleared. If the start address 
of the interrupt handler is cleared after an interrupt 
request level of the interrupt controller is specified, the 
mask bit (IMK) equivalent to the specified interrupt 
request level is set and the interrupt is masked. Then the 
existing start address is cleared. 

If the start address of the interrupt handler is cleared 
after an interrupt request vector type is specified, the 
existing start address is cleared and the interrupt re- 
quest control register is set. At this time, the interrupt 
mask can be set at the same time by explicitly setting bit 
6 of the interrupt request control register. 

If the start address of the interrupt handler is not 0, the 
address is set with no other changes. The IMK (mask bit) 
is never altered. 

If the start address of the interrupt handler is set after the 
vector type of interrupt request is specified, the interrupt 
request control register is also set. Therefore, interrupt 
mask operation can be specified using bit 6 of the 
interrupt request control register. 
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External Interrupt Controller Definition 

The interrupt request level of the external interrupt 
controller can be specified by setting in bit 7. It is 
specified as follows. 



Bit(s) 


Description 


0-2 


Slave level interrupt request level 


3 


If 0, master/slave configuration; 




if 1, master only 


4-6 


Master interrupt request level 


7 


Fixed to 


8-15 


Upper-order byte is fixed to 



The low-order byte is used to specify the interrupt level. 
Bits to 2 specify the slave interrupt request level when 
in master-slave configuration; bit 3, whether to use any 
slave device; bits 4 to 6, the master interrupt request 
level. 

The interrupt request level of the interrupt controller and 
each interrupt request vector type are in one-to-one 
corrrespondence The interrupt request is divided into 72 
levels, and they correspond to interrupt request vector 
types 56 to 127. 

For example, if, the device consists of only the master, 
is specified for the master interrupt request level; this 
interrupt request vector type becomes 56. Slave inter- 
rupt request level 7 must be connected to master inter- 
rupt request level 7 when in master-slave configuration 
and becomes vector type 127. 

The interrupt request vector type can be specified by 
setting 1 in bit 7. It is specified as follows. 

Bit(s) Description 

0-6 Vector type 

7 Fixed to 1 

8-15 Interrupt request control register value 

The /iPD79011 operating system uses the on-chip time 
base counter as the system timer. As a result, other tasks 
cannot specify vector type 31 (equivalent to the time 
base counter) when the system timer function is used. 

Signal Interrupt (SIGJNT) 

System Call 19. SIGJNT activates a task waiting for an 
interrupt and terminates the currently executing inter- 
rupt handler. It has the following syntax. 

void SIGJNT (task_no) 

(1) Parameter. 

Name 



(2) C format. 

ercode = SIGJNT(task_no); 
short task_no; 

SIGJNT can be issued only from inside an interrupt 
handler. 

If SIGJNT is issued, the interrupt handler operation ends 
and control is passed to the target task. Therefore, when 
SIGJNT is used, control is never passed to the address 
following SIGJNT. 

If an error occurs, no error code is returned and the 
specified task is not started. In this case, control is 
returned immediately to the point where the interrupt 
was issued. 

SIGJNT is not used to control multiprocessing of exter- 
nal or internal interrupt requests. Nesting management 
related to the interrupt handler and execution of the EOI 
(End Of Interrupt) and FINT (Finish Interrupt) instruc- 
tions must be done in each interrupt handler. 

The procedures used to issue SIGJNT (and system call 
RESJNT) differ from those to issue other system calls. 
When using assembly language, SIGJNT is issued as 
follows. 



Procedure 
PUSH task_.no 

BR SIGJNT. 
ENTRY 



Description 

The target task number is set in 

stack 

Far jump to absolute address 

0FC00EH 



I/O 
In 



int task_no; 



Description 

Target task number (0 to 62) 



Wait for Interrupt (WAIJNT) 

System Call 20. WAIJNT moves a task into the WAIT 
status. It has the following syntax. 

int WAIJNT () 

(1) Return value. 

Error Code Number Description 
EJOK Normal end 

EJNT 8 Release from interrupt 

wait status 

(2) C format. 

ercode = WAIJNT; 

When issuing this system call, the current task goes into 
the interrupt wait status. If the SIGJNT system call is 
issued to a waiting task (which was invoked by WAIJNT), 
the specified task is released from the WAIT status. 
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A task can release another tasks WAIT (for interrupt) 
status by means of the CANJNT system call. Otherwise 
an interrupt handler will release the WAIT status after an 
interrupt is presented. 

If SIGJNT is used to release a task from the WAIT status, 
the error code E_OK is returned. If CANJNT is used to 
release the WAIT status, the error code EJNT is re- 
turned. 

Cancel Interrupt (CANJNT) 

System Call 21. CANJNT releases the specified task 
from the WAIT status. It has the following syntax. 

int CANJNT (task_no) 

(1) Parameter. 

Name 



Description 

Task number (0 to 62) 



I/O 

In int task_no; 

(2) Return value. 

Error Code Number Description 
E_OK Normal end 

EJNT 8 Task is not waiting for interrupt 

(3) C format. 

ercode = CANJNT(task_no); 
short task_no; 

If CANJNT is issued to a task that is waiting for an 
interrupt (due to system call WAI JNT), the specified task 
exits the WAIT status. If CANJNT is issued when the 
specified task is not waiting for any interrupt, the EJNT 
error code is returned. 

Disable Interrupt (DISJNT) 

System Call 22. DISJNT disables interrupts in units of 
device number (interrupt request level or interrupt re- 
quest vector type). It has the following syntax. 

int DISJNT (device_no) 



(1) Parameter. 




I/O Name 


Description 


In int device_no; 


Device number 


(2) Return value. 




Error Code Number 


Description 


E_OK 


Normal end 


E_DVN 4 


Device number error 


(3) C format. 





DISJNT can be issued from either a task or an interrupt 
handler. 

To specify the interrupt request level of the interrupt 
controller, set the corresponding IMR (mask bit ) of the 
external 71059. To specify the interrupt request vector 
type, set bit 6 of the interrupt request control register. 

Enable Interrupt (ENAJNT) 

System Call 23. ENAJNT enables interrupts in units of 
device number (interrupt request level or interrupt re- 
quest vector type). It has the following syntax. 

int ENAJNT (device_no) 

(1) Parameter. 

Name 



I/O 

In int device_no; 

(2) Return value. 

Error Code Number 



Description 
Device number 



Description 
Normal end 
Device number error 



ercode = DISJNT(device_no); 
short device_no; 



E_OK 

E_DVN 4 

(3) C format. 

ercode = ENA_INT(device_no); 
short device_no; 

ENAJNT can be issued from either a task or an interrupt 
handler. 

To specify the interrupt request level of the interrupt 
controller, reset the corresponding IMR (mask bit) of 
external 71059. To specify the interrupt request vector 
type, reset bit 6 of the interrupt request register. 

Reset Interrupt (RESJNT) 

System Call 24. RESJNT terminates interrupt handler 
operation and passes control to the restart address. It 
has the following syntax. 

void RESJNT ( ) 

(1) C format. 

ercode = RESJNT(); 

RESJNT is always used in conjunction with system call 
SET.ADR. 

If SET.ADR has been already issued in a task that was 
interrupted by a handler that issues RESJNT, control is 
passed to the specified restart address. If SET_ADR has 
not been issued to that task, control is returned to the 
point where the interrupt was issued. 

RESJNT cannot be used to control multiple interrupt 
processing, neither for internal nor for external 71059 



37 



fjPD79011 



sources. Management of interrupt handler nesting and 
the execution of EOI (End Of Interrupt) and FINT (Finish 
Interrupt) instructions must be done in each interrupt 
handler. 

The procedure for issuing RESJNT (and system call 
SIGJNT) differs from the procedure for issuing other 
system calls. Use the following syntax to issue RESJNT 
using assembly language. 

BR RES_INT_ ENTRY; Far jump to absolute 
address FC020H 
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pPD79021 

16-Bit Microcomputer: 

Single-Chip, CMOS, 

With Built-in RTOS 



Description 

The jaPD79021 is an upgraded /xPD70332 (V35™) single- 
chip microcomputer with a built-in real-time operating 
system (RTOS). 

The juPD79021 provides high-speed multitask process- 
ing particularly suited for real-time event processing and 
as a kernel of an embedded control system for process 
control and data processing applications. 

The RTOS kernel provides extensive system calls for 
task synchronization, control, and communication as 
well as interrupt and time management. 

The /aPD79021 instruction set is the same as the V35 
instruction set. The /*PD79021 hardware is also identical 
to the standard V35, but uses 6K of the internal ROM for 
RTOS system code. Refer to the V35 Data Sheet for 
hardware-related details and the /tPD79011 Data Sheet 
for RTOS system call descriptions. 

Features 

o Real-time multitask processing 

o Supports five types of system calls 

— Task management 

— Communication management 

— Memory management 

— Time management 

— Interrupt management 

n High-speed response to events 

— System call processing shortens time to 41 /xs 
(minimum) when operated at 8 MHz 

— High-speed task switching using V35 register 
banks 



a Flexibility to perform status changes by event 
driven task scheduling function 

a System clock: 8 MHz maximum 

o V35 hardware compatibility 

a CMOS technology 

□ Development tools 

— V35 software can be used without modification 

— Relocatable assembler (RA70320) 

- C compiler (CC701 16) 

- Concurrent CP/M®, MS-DOS®, VMS™, and 
UNIX™ base 

Ordering Information 



Part Number 


Clock 


Package 


juPD79021L-8 


8 MHz 


84-pin PLCC 


GJ-8 


8 MHz 


94-pln plastic QFP 



V35 is a trademark of NEC Corporation. 
CP/M is a registered trademark of Digital Research, Inc. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VMS is a trademark of Digital Equipment Corporation. 
UNIX is a trademark of AT&T Bell Laboratories. 
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jtPD79021 Block Diagram 
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Section 5 
Peripherals for CPUs 



/tPD71011 

Clock Pulse Generator/Driver 


5a 


MPD71037 

Direct Memory Access (DMA) Controller 


5b 


MPD71051 

Serial Control Unit 


5c 


MPD71054 

Programmable Timer/Counter 


5d 


HPD71055 

Parallel Interface Unit 


5e 


j*PD71059 

Interrupt Control Unit 


5f 


MPD71071 

DMA Controller 
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jiPD71 082, 71083 

8-Bit Latches 


5h 


jiPD71084 

Clock Pulse Generator/Driver 


5i 


MPD71 086, 71087 

8-Bit Bus Buffer/Drivers 


5j 


j*PD71088 

System Bus Controller 


5k 


MPD71641 

Cache Memory Controller 
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JUPD71011 

Clock Pulse 

Generator/Driver 



Description 

The jiPD71011 is a clock pulse generator/driver for the 
V20®/V30® microprocessors and their peripherals using 
NEC's high-speed CMOS technology. 

Features 

° CMOS technology 

° Clock pulse generator/driver for ^PD70108/70116 or 
other CMOS or NMOS CPUs and their peripherals 

n 50% duty cycle 

n Frequency source can be crystal or external clock 
input 

n Reset signal with Schmitt-trigger circuit for CPU or 
peripherals 

° Bus ready signal with two-bus system 
synchronization 

° Clock synchronization with other ^PD71011s 

° Single +5-volt ±10% power supply 

n Industrial temperature range: -40 to +85°C 



Pin Configurations 
18-Pin Plastic DIP 















CKSYNC 1 


KJ 


18 


HVdd 


PRCLK C 


2 




17 


HX1 




REN1 C 


3 




16 


HX2 




RDY1 C 4 


£ 


15 


3RDYSYN 




READY C 5 


I'- 


14 


HEXFS 




RDY2C 6 


ll 

a. 


13 


hf/x 




REN2C 


7 




12 


DOSC 




CLKC 8 




11 


3 RESIN 




VssC 


9 




10 3 RESET 


83-000196A 













20-Pin Plastic SOP 



Ordering Information 




Part Number 


Maximum Clockout 
Frequency 


Package 


fiPD71011C-8 


8 MHz 


18-pin plastic DIP 


C-10 


10 MHz 




G-8 


8 MHz 


20-pin plastic SOP 













CKYSN C 


Jo 


20 


3 v DD 


PRCLK C 


19 


3 X1 




NC C 


3 


18 


3 NC 




REN1 C 
RDY1 C 


4 ,. 

5 I 


17 
16 


D X2 




J RDYSYN 


READY C 


6 £ 


15 


3 EXFS 




RDY2 C 


7 * 


14 


H F/X 




REN2 C 


8 


13 


3 osc 




CLK C 


9 


12 


H RESIN 




V SS C 


10 


11 


H RESET 


83ML-6187A 











V20 and V30 are registered trademarks of NEC Corporation 
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Pin Identification 



Symbol 


Function 


CKSYN 


Clock synchronization input 


PRCLK 


Peripheral clock output 


RIR1 


Bus ready enable input 1 


RDY1 


Bus ready input 1 


READY 


Ready output 


RDY2 


Bus ready input 2 


RER2 


Bus ready enable input 2 


CLK 


Processor clock output 


Vss 


Ground potential 


RESET 


Reset output 


RESIN 


Reset input 


OSC 


Oscillator output 


m 


External frequency source/crystal select input 


EXFS 


External frequency source input 


RDYSYN 


Ready synchronization select input 


X2 


Crystal input 


X1 


Crystal input 


Vdd 


+5-volt power supply 


NC 


No connection 



PIN FUNCTIONS 

X1, X2 (Crystal) 

When F/X is low, a crystal connected to X1 and X2 will be 
the frequency source for a CPU and its peripherals. The 
crystal frequency should be two times the frequency of 
CLK. 

EXFS (External Frequency Source) 

EXFS input is the external frequencyjnput in the exter- 
nal TTL-frequency source mode (F/X high). A square 
TTL-level clock signal two times the frequency of CLK's 
output should be used for the source. 

F/X (Frequency/Crystal Select) 

F/X input selects whether an external TTL-type input or 
an external crystal input is the frequency source of the 
CLK output. When F/X is low, CLK is generated from the 
crystal connected to X1 and X2. When F/X is high, CLK 
is generated from an external TTL-level frequency input 
on the EXFS pin. At the same time, the internal oscillator 
circuit will go into stop mode and the OSC output will be 
high. 



CLK (Processor Clock) 

The CLK output supplies the CPU and its local bus 
peripherals' clocks. CLK is a 50-percent duty cycle clock 
of one-half the frequency of the external frequency 
source. The CLK output is +0.4 V higher than the other 
outputs. 

PRCLK (Peripheral Clock) 

The PRCLK output supplies a 50-percent duty cycle 
clock at one-half the frequency of CLK to drive peripheral 
devices. 

OSC (Oscillator) 

OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSC output is 
powered down, and its output will be a high. 

CKSYN (Clock Synchronization) 

CKSYN synchronizes one *iPD7101 1 to other /*PD7101 1 s. 
A high level at CKSYN resets the internal counter, and a 
low level enables it to count. 



RESIN (Reset) 

This Schmitt-trigger input generates the RESET output. 
It is used as a power-on reset. 

RESET (Reset) 

This output is a reset sig nal for the CPU. Reset timing is 
provided by the RESIN input to a Schmitt-trigger input 
gate and a flip-flop which will synchronize the reset 
timing to the falling edge of CLK. Powe r-on res et can be 
provided by a simple RC circuit on the RESIN input. 

RDY1, RDY2 (Bus Ready) 

A peripheral device sends RDY1 or RDY2 to signal that 
the data on the sy stem bus h as been received or is ready 
to be sent. REN1 and REN2 enable the RDY1 or RDY2 
signals. 

REM , REN2 (Bus Ready Enable) 

REN1 and REN2 qualify their respective RDY inputs. 
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RDYSYN (Ready Sychronization Select) 



RDYSYN selects the mode of READY signal synchroni- 
zation. A low-level signal makes the synchronization a 
two-step process. This is used when RDY1 and RDY2 
inputs are not synchronized to CLK. A high-level signal 
makes synchronization a one-step process. This is used 
when RDY1 and RDY2 are synchronized to CLK. See 
block diagram. 

READY (Ready) 

The READY signal to the processor is synchronized by 
the RDY inputs to the processor CLK. READY is cleared 
after the RDY signal goes low and the guaranteed hold 
time of the processor has been met. 

Crystal 

The oscillator circuit of the pPD71011 works with a 
parallel-resonant, fundamental mode, "AT cut" crystal 
connected to pins X1 and X2. 

PPD71011 Block Diagram 



Figure 1 shows the recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency stabil- 
ity. The values of C1 and C2 (C1 = C2) can be calculated 
from the load capacitance (CO specified by the crystal 
manufacturer. 



c = C1 xC2 
L C1 + C2 



+ C c 



Where CS is any stray capacitance in parallel with the 
crystal, such as the pPD7l011 input capacitance Qn. 

Figure 1. Crystal Configuration Circuit 
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Absolute Maximum Ratings 

T A = 25°C;V SS = 0V 



Power supply voltage, V D n 


-0.5 to + 7.0 V 


Input voltage, V| 


-1.0VtoV DD + 1.0V 


Output voltage, Vq 


-0.5VtoV DD + 0.5 V 


Operating temperature, Topt 


- 40 to +85°C 


Storage temperature, Tstg 


-65 to + 150°C 


Power dissipation, Pp (DIP) 


500 mW 


Power dissipation, P D (SO package) 


200 mW 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 



Capacitance 

T A = 25°C;V DD =+5V 










Parameter Symbol 


MIn 


Max 


Unit 


Conditions 


Input capacitance Qn 




12 


PF 


f c - 1 MHz 



DC Characteristics 

T A = -40 to +85°C; V DD - 5\ 


'±10% 








Parameter Symbol 


MIn 


Max 


Unit 


Conditions 


Input voltage, high Vih 


2.2 




V 






2.6 




V 


RESIN input 


Input voltage, low Vil 




0.8 


V 




Output voltage, high Vqh 


V DD -0.4 




V 


CLK output, 
■oh = ~ 4 mA 




V DD -0.8 




V 


'oh = -4 mA 


Output voltage, low Vql 




0.45 


V 


lou ■ 4 rnA 


Input leakage current I|n 


-1.0 


1.0 


l«A 






-400 


1.0 


,iA 


RDYSYN input 


RESIN input 
hysteresis 


0.20 




V 




Power supply l DD 
current (static) 




200 


l«A 




Power supply iDDdyn 
current (dynamic) 




30 


mA 


f in «■ 20 MHz 



AC Characteristics 

fosc " 10 MHz; T A -40 to +85°C; 
fosc " 16 MHz; T A -10 to +70°C; 
fosc - 20 MHz; T A -10 to +70°C; 



V DD - +5V±10% 
V DD -+5V±5% 
V DD - +5V±5% 



Parameter 


Symbol 


MPD71011 
Min Max 


»iPD71011-10 
MIn Max 


Unit 


Conditions 


Clock Timing 


EXFS input cycle time 


tCYFS 


50 




50 




ns 




EXFS pulse width, high 


tpWFSH 


20 




20 




ns 


2.2 V measurement point 


EXFS pulse width, low 


tpWFSL 


20 




20 




ns 


0.8 V measurement point 


OSC cycle time 


fosc 


8 


20 


8 


20 


MHz 


from EXFS 


CKSYN pulse width 


tpWCT 


2t CY FS 




2t CY FS 




ns 




CKSYN setup time 


tHFSCTK 


20 




20 




ns 




CKSYN hold time 


tSCTFS 


20 




20 




ns 




CLK cycle time 


tCYCK 


125 




100 




ns 




CLK pulse width, high 


tpWCKH 


80 




41 




ns 


3.0 V, fosc = 10 MHz, fosc - 20 MHz 




50 








ns 


3.0 V, f sc " 16 MHz 


CLK pulse width, low 


tpWCKL 


90 




49 




ns 


1.5 V, f sc " 10 MHz, fosc = 20 MHz 




60 








ns 


1.5 V, f sc = 16 MHz 


CLK rise time 


tLHCK 




10 




5 


ns 


1.5 -* 3.0 V, f sc - 10 MHz, f 0S c = 20 MHz 






8 






ns 


1.5 -* 3.0 V, f sc " 16 MHz 


CLK fall time 


tHLCK 




10 




5 


ns 


3.0 — 1.5 V, f sc = 10 MHz, f 0S c = 20 MHz 






7 






ns 


3.0- 1.5 V, f sc = 16 MHz 


OSC to CLK T delay 


*DCK 


2 


30 


2 


30 


ns 


CLKT 


OSC to CLK i delay 


tDCK 


-6 


28 


-6 


28 


ns 


CLK1 


PRCLK cycle time 


tCYPRK 


250 




200 




ns 
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AC Characteristics (cont) 


Parameter 


Symbol 


jttPD71011 
Min Max 


pPD71011-10 
Min Max 


Unit 


Conditions 


Clock Timing (cont) 


PRCLK pulse width, high 


tpWPRKH 


tCYCK 
-20 




tCYCK 
-20 




ns 




PRCLK pulse width, low 


tpWPRKL 


^YCK 
-20 




tCYCK 
-20 




ns 




PRCLK T delay from CLK 4 


*DPRKH 




22 




22 


ns 




PRCLK 4 delay from CLK 4 


*DPRKL 




22 




22 


ns 




Reset Timing 


RESIN setup to CLK 1 


tSRICK 


65 




65 




ns 




RESIN hold from CLK 4 


tHCKRI 


20 




20 




ns 




RESET delay from CLK 4 


tDCKRS 




40 




20 


ns 




Ready Timing (RDYSYN ='H') 


REN1,2setuptoRDY1,2 


tSRERY 


15 
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Timing Waveforms (cont) 
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JIPD71037 

Direct Memory Access 

(DMA) Controller 



Description 

The /aPD71037 is a direct memory access (DMA) control- 
ler that provides high-speed data transfers between 
peripheral devices and memory for microprocessor sys- 
tems. It is faster and draws less power than its predeces- 
sors. The unit has four DMA channels, each with a 
64K-byte address area and a transfer byte count func- 
tion. The channels enable l/O-to-memory and memory- 
to-memory data transfer. 

The jtPD71037 is a versatile DMA controller that can be 
used for the following applications. 

• Office automation equipment (personal computers, 
small business computers, EWS, etc.) 

• Communications 

• Instrumentation 

• Control 

Features 

° Processing speed of 10 MHz (twice that of the 
ftPD8237A-5) 

o Four independent DMA channels 

□ Self-initialization for each channel 
n Memory-to-memory data transfer 
n Block-level memory initialization 

a High-speed data transfer 

— 3.2 Mb/s, 10-MHz normal transfer 

— 5.0 Mb/s, 10-MHz compression transfer 

n DMA channel count directly expandable in 
expansion mode 

n END input for the end of transfer 

n Software DMA request 

□ CMOS 

a Low power consumption 



Ordering Information 




Part Number 


Clock (MHz) 


Package 


HPD71037CZ-10 


10 


40-pin plastic DIP (600 mil) 


GB-10 


10 


44-pin plastic QFP 


LM-10 


10 


44-pin PLCC 



Pin Configurations 
40-Pin Plastic DIP 
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44-Pin Plastic QFP 



Pin Identification 
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Symbol 


1/0 


Function 


Aq-A 3 


3-state I/O 


Four low-order bits of address bus 


A4-A7 


3-state out 


Middle four bits of the output state 
address bus 


AD0-AD7 


3-state 1/0 


Eight high-order bits of the address and 
functions as an 8-bit data bus 


AEN 


Out 


Permits output from an external latch 
connected to the pPD71037 


ASTB 


Out 


Makes an external latch to the high-order 
address 


CLK 


In 


Clock Input for internal operations and 
data transfer speeds 


C5 


In 


Selects the pPD71037 as an I/O device 
and enables read/write operation 


DMAAKO- 
DMAAK3 


Out 


Permits peripheral device to perform 
DMA transfer 


DMARQO- 
DMARQ3 


In 


Requests the fiPD71037 to perform DMA 
transfer 


END/TC 


1/0 


Input that forces the fiPD71037 to 
terminate DMA transfer; output that posts 
the end of DMA transfer 


HLDAK 


In 


Permits the pPD71037 to hold the bus 


HLDRQ 


Out 


Requests the host CPU to hold the bus 



IORD 3-state I/O Input that enables the host CPU to read 

the pPD71037 status; output that enables 
the pPD71037 to read data from a 
peripheral device during DMA transfer 

I0WR* 3-state I/O Input that enables the host CPU to write 

data to the pPD71037; output that 
enables the pPD71037 to write data to a 
peripheral device during DMA transfer 



MRS 


3-state out 


Memory read during DMA transfer 


wm 


3-state out 


Memory write during DMA transfer 


READY 


In 


Requests extension of a read/write cycle 
during DMA transfer 


RESET 


In 


Initializes the jiPD71037 


NC 


- 


No connection 


Vdd 


- 


Positive power supply voltage 


GND 


- 


Ground reference 



PIN FUNCTIONS 

A0-A3 (Address Bus) 

A0-A3 input and output the four low-order bits of the 
address bus. During the inactive cycle, these pins are 
used as inputs to enable the host CPU to select an 
appropriate >aPD71037 register. During the DMA cycle, 
A0-A3 output an address for memory access. 
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A4-A7 (Address Bus) 

A4-A7 output the middle bits of the address bus. During 
the inactive cycle, these pins have high impedance. 
During the DMA cycle, A4-A7 output an address for 
memory access. 

AD0-AD7 (Address/Data Bus) 

AD0-AD7 input and output the high-order byte of an 
address bus and also function as a data bus. This is done 
by time multiplexing. 

During the DMA cycle, the high-order byte of a memory 
address is output. During memory-to-memory transfer, 
memory addresses are output and these pins intermedi- 
ate the memories for data transfer. During the inactive 
cycle, these pins act as a data bus when the host CPU 
reads or writes data from or to the /uPD71037. 

AEN (Address Enable) 

AEN outputs an active-high AEN signal to enable an 
external latch which latches the high-order byte of an 
address during the DMA cycle. The AEN signal is fixed at 
a high level. 

ASTB (Address Strobe) 

ASTB outputs an active-high strobe signal to make an 
external latch retain the high-order byte of an address 
during the DMA cycle. 

CLK (Clock) 

CLK controls all internal ^PD71037 operations and in- 
puts a clock signal to control the DMA transfer speed. A 
maximum clock signal of 10 MHz can be input. 

CS (Chip Select) 

During the inactive cycle, CS inputs an active-low signal 
to enable the host CPU to handle the /aPD71037 as an 
ordinary I/O device to read data to or write data from it. 
During the DMA cycle, this input is internally disabled to 
inhibit reading or writing by the host CPU. 

DMAAK0-DMAAK3 (DMA Acknowledge) 

DMAAK0-DMAAK3 indicate to peripheral devices that 
DMA service has been granted. DMAAK0-DMAAK3 re- 
spond respectively to DMA channels 0-3. Like the 
DMARQ pins, the active level of these pins is program- 
mable; however, they can be set to an active-high level by 
a RESET input. 



DMARQ0-DMARQ3 (DMA Request) 

DMARQ0-DMARQ3 accept DMA service requests from 
peripheral devices. DMARQ0-DMARQ3 respond respec- 
tively to DMA channels 0-3 and the active level for these 
pins is programmable. However, they can be set to an 
active-high level by a RESET input. In fixed nest mode 
(see Channel Priority), the lowest priority is given to 
DMARQ3 and the highest to DMARQO. 



END/TC (End/Terminal Count) 

This is a bidirectional pin. The END input is used to 
terminate the current DMA transfer. TC indicates the 
designated cycle s of t he DMA count transfer have fin- 
ished. If the low END signal is input during the DMA 
cycle, the jiPD71037 forcibly terminates DMA services. If 
the specified number of data transfers is reached, the 
/xPD71037 outputs a low TC signal. 

When an END is input or TC is output, the /iPD71037 
clears the software DMA request (see Self-Initialization). 
The contents of the address set register are sent to the 
effective address register. 

If self-initialization is not set, the TC bit of the status read 
register a nd the ma sk bit of the mask control register are 
set by the END/TC signal. (The corresponding bit of the 
channel using DMA transfer is set.) In memory- 
to-memory transfer, TC is output when the specified 
number of DMA transfers is reached in channel 1. 

If END is not input, pull up this pin to prevent a low signal 
from causing a malfunction. 

HLDAK (Hold Acknowledge) 

When active, HLDAK generates an active-high signal to 
indicate that the host CPU has granted the juPD71037 the 
use of the system bus. When this signal is input,the 
*tPD71037 enters a DMA cycle. 

HLDRQ (Hold Request) 

HLDRQ outputs an active-high signal requesting the 
host CPU to hold the bus. 



IORD (I/O Read) 



IORD inputs or outputs an active-low signal to enable the 
host CPU to read *iPD71037 data or to enable the 
jiPD71037 to read from peripheral devices. 

During the inactive cycle, the read signal is input to 
enable the host CPU to read a /*PD71037 register. During 
the DMA cycle, the read signal is output to enable the 
jiPD71037 to read data from a peripheral device. 
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IOWR (I/O Write) 



IOWR inputs or outputs an active-low signal to enable the 
host CPU to write hPD71037 data or to enable the 
jxPD71037 to write data to peripheral devices. 

During the DMA cycle, the write signal is output to enable 
the jtPD7l037 to write data to a peripheral device. 

During the inactive cycle, the write signal is input to 
enable the host CPU to write data to a jiPD71037 register. 

MRD (Memory Read) 



During the DMA cycle, MRD outputs an active-low MRD 
signal to read data from memory. During the inactive 
cycle, this pin has high impedance. 



MWR (Memory Write) 



During the DMA cycle, MWR outputs an active-low MWR 
signal to write data into memory. During the inactive 
cycle, this pin has high impedance. 

READY (Ready) 

READY inputs an active-high signal to mark the end of 
each data transfer during a DMA operation. If a low- 



speed peripheral device fails to finish transferring data 
within a given read/write cycle, the width of the read/ 
write signal output by the /iPD71037 can be extended by 
inputting the low READY signal to this pin. During the 
extension, the jiPD71037 enters a wait cycle (TW). 

RESET (Reset) 

RESET inputs an active-high signal to initialize the 
internal pPD71037 statuses (register contents, etc.). In- 
putting this signal returns the jiPD71037 to an inactive 
cycle.When RESET is input, the following control regis- 
ters are cleared to 00H. 

• Device control register 

• Status read register 

• Request control register 

• Temporary data register 

The DMA requests (DMARQ pin input) are masked for all 
four DMA channels. The control registers are described 
later in the Registers section. 

After RESET is input, an address-low byte command (see 
Commands section) is issued to the pPD7l037 and the 
first byte is placed as the low-order byte in the address/ 
count register. 
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System Configuration With /iPD70108 (V20®) Microprocessor 
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System Configuration With fiPD70116 (V30®) Microprocessor 
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pPD71037 Block Diagram 
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INTERNAL BLOCK FUNCTIONS 

The jiPD71037 has the following functional units as 
shown in the block diagram. 

• Bus control unit 

• DMA control unit 

• Address registers 

• Address incrementer/decrementer 

• Count registers 

• Count decrementer 

• Control registers 

Bus Control Unit 

The bus control unit consists of the address and data 
buffers and bus control logic. The bus control unit 
generates and receives signals that control addresses 
and data on the internal address and data buses. 

DMA Control Unit 

The DMA control unit contains the priority and timing 
control logic. The priority control logic determines the 



priority level of DMA requests and arbitrates the use of 
the bus in accordance with this priority level. The DMA 
control unit also provides internal timing and controls 
DMA operations. 

Address Registers 

Each of the four DMA channels has one address set 
register and one effective address register. Each register 
stores a DMA 16-bit address. The effective address 
register is updated for each single-byte DMA transfer 
and constantly holds the address to be transferred next. 
The contents of the address set register remain un- 
changed until the host CPU writes a new value to it. At 
self-initialization, the initial DMA address for the next 
DMA service is transferred from the address set register 
to the effective address register. 

Address Incrementer/Decrementer 

The address incrementer/decrementer updates the con- 
tents of the current address register whenever a DMA 
transfer completes. 
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Count Registers 

Each of the four DMA channels has one 16-bit count set 
register and one 16-bit effective count register that store 
a DMA transfer byte count. The count set register holds 
a value written by the CPU. At self-initialization the value 
is transferrred to the effective address register where it 
is set as the number of DMA transfers in the next DMA 
service. 

A channel's effective count register is decremented by 1 
for each single-byte transfer and constantly holds the 
remaining number of DMA transfers. If a borrow occurs 
when this register is decremented, the terminal count is 
set to mark the end of the specified number of DMA 
transfers. 

Count Decrementer 

The count decrementer decrements the contents of the 
effective count register by 1 when each DMA transfer 
takes place. 

Control Registers 

The jiPD71037 contains six registers that control the bus 
mode, pin active levels (DMARQ and DMAAK), and the 
DMA transfer mode. 

DMA OPERATION 

The pPD71037 operates in an inactive cycle and a DMA 
cycle. Figure 1 illustrates basic DMA operation flow. 



Figure 1. DMA Operation Flow 




Inactive Cycle 





















Transfer DMA 
















Update effective 
address counter 


No 




End? 





DMA Cycle 



Inactive Cycle 



Inactive Cycle 

During the inactive cycle, the host CPU has authority 
and the pPD71037 is in one of the following states. 

• The mPD71037 has not yet received an effective DMA 
service request from a peripheral device. 

• The ftPD71037 has received an effective DMA service 
request, but has not yet received bus authority from 
the host CPU. 

• The pPD71037 performs the following operations dur- 
ing the inactive cycle. 

— Detecting a DMA service request 

— Requesting bus authority 

— Selecting a DMA channel 

— Programming 

In the inactive cycle, there are no active DMA cycles but 
there may be one or more active DMA requests. However, 
the CPU has not yet released the bus. 

Detecting a DMA Service Request. The /xPD71037 will 
sample the four DMARQ input pins for each clock signal. 
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Requesting Bus Authority. When an effective (un- 
masked) DMA request is received, a bus hold request 
signal (HLDRQ) is output to the host CPU. The /tPD71037 
continues to sample DMA requests until it obtains the 
bus by HLDAK input. 

Selecting a DMA Channel. After the CPU returns an 
HLDAK signal and the fiPD71037 obtains the bus, the 
pPD71037 stops DMA sampling and selects the DMA 
channel with the highest priority from the valid DMA 
request signals. 

Programming. Before DMA transfer, the transfer ad- 
dresses, the number of DMA transfers, the DMA transfer 
mode, and the active levels of the DMARQ and DMAAK 
pins must be determined. 

While the host CPU holds bus authority, mPD71037 
programming can be done by inputting a low signal to 
the CS pin. The four low-order address bits (A0-A3) 
specify a reg ister for a read/write operation. Inputting an 
IORD/IOWR signal performs the operation on the speci- 
fied register. 

DMA Cycle 

In a DMA cycle, the pPD71037 controls the bus and 
performs DMA transfer operations based on pro- 
grammed information. 

Terminal Count. External input of an END signal or 
internal generation of a terminal count terminates DMA 
transfer. The terminal count is generated when a borrow 
occurs as a result of decrementing the effective count 
register, which counts the number of DMA transfers in 
bytes. Whenrthis occurs, the /&PD71037 outputs the low 
level pulse TC. 

Figure 2 shows that the effective count register is tested 
after each DMA operation. A borrow is detected after 
each DMA transfer is completed. As a result, the actual 
number of DMA transfers is one greater than the value 
set in the effective count register. 

If self-initialization is not set when DMA service ends, the 
mask control register bits applicable to the channel 
where service is ended are set, and the DMARQ input of 
that channel is masked. 



Figure 2. Generation of Terminal Count (TC) 
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DMA Transfer Type 

The type of transfer the /*PD71037 performs depends on 
the following conditions. 

• Memory-to-memory transfer enable 

• Direction of l/O-to-memory transfer for each channel 

• Transfer mode of each channel 

Memory-to-Memory Transfer Enable. The jiPD71037 
performs each DMA transfer (1 byte of data) between an 
I/O device and memory in a one-bus cycle and between 
memories in a two-bus cycle. 

Memory-to-memory transfer can occur only when bit of 
the device control register is set to 1. The DMA channels 
used in memory-to-memory transfers are fixed, with 
channel as the source channel and channel 1 as the 
destination channel. Channels 2 and 3 cannot be used in 
memory-to-memory transfers. The contents of the count 
registers of each channel should be the same when 
performing this type of DMA transfer. 

The /nPD71037 performs the follo wing o perations until a 
channel terminal count or until END input is present. 
Only the block mode is valid for this type of transfer. 

(1 ) The memory data pointed to by the effective address 
register of channel is read into the temporary data 
register of the ^PD71037 and the effective address 
register and effective count register of channel are 
updated. 

(2) The temporary register data is written to the memory 
location shown by the effective address register of 
channel 1 ; the effective address register and effec- 
tive count register are updated. 
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During memory-to-memory transfers, the address of the 
transfer source can be fixed using the device control 
register. In this manner, a range of memory can be 
padded with the same value (0 or 1) since the contents of 
the source address never change. During memory-to- 
memory transfer, the DMAAK signal and channel 0's 
terminal count (TC) are not output. 

Note: If D MARCH (channel 1) becomes active, the 
I&PD71037 will perform memory-to-l/O transfer even 
though memory-to-memory transfer is selected. Since 
this may cause erroneous memory-to-memory trans- 
fers, mask out channel 1 (DMARQ1) by setting bit 1 of 
the mask register to 1 before starting memory- 
to-memory transfers. 

Direction of l/O-to-Memory Transfers. All DMA trans- 
fers use memory as a reference point. Therefore, a DMA 
read reads a memory location and writes to an I/O port. 
A DMA write reads an I/O port and writes the data to a 
memory location. In memory-to-l/O transfer, use the 
mode control register to set one of the transfer direc- 
tions in table 1 for each channel and activate the appro- 
priate control signals. 



Table 1. Transfer Direction 




Transfer Direction 


Activated Signals 


Memory to I/O (DMA read) 


IQWR,W 


I/O to memory (DMA write) 


IDRDYlflWR 


verify (Outputs addresses only. Does not 
perform a transfer) 


— 



mode of DMA transfer for each channel. Table 2 shows 
the various transfer modes and termination conditions. 

Table 2. Transfer Termination 



Transfer Mode 


End of Transfer Condition 


Single 


After 1 byte of -data is transferred 


Demand 


END" input 

Generation of terminal count 

When DMARQ for the channel in DMA service 

becomes inactive 


Block 


FND" input 

Generation of terminal count 



Transfer Modes. In l/O-to-memory transfer, the mode 
control register selects the single, demand, or block 



Compressed Timing 

DMA transfer cycles are normally executed in four states 
for each bus cycle. However, when the device control 
register selects compressed timing, one DMA cycle can 
be executed in two states (T2 and T4) for each bus 
cycle. See figure 3. 

Compressed timing may be used in block mode or 
demand mode. (Memory-to-memory transfer is ex- 
cluded.) In this way, compressed timing permits twice 
the amount of data to be transferred when compared 
with normal DMA transfers. 

In block mode or demand mode, addresses are output 
sequentially and the high-order address byte latched in 
external latches need not be updated except after a 
carry or borrow from the low-order byte. For this reason, 
the T1 state is omitted in the bus cycles except during 
the first bus cycle when the high-order address byte is 
changed. 
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Figure 3. Normal and Compression Transfer Timing 
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Software DMA Requests 

The /tPD71037 can accept software DMA requests in 
addition to DMA requests from the four DMARQ pins. 
Setting the appropriate bit in the request register gener- 
ates a software request. The mask register does not 
mask software requests. Software DMA requests oper- 
ate differently depending on which bus or transfer mode 
is used. 

Single or Demand Mode. When single or demand mode 
is set, the applicable request bits for the corresponding 
channel are cleared, and software DMA service ends 
with the transfer of 1 byte of data (see Request Control 
Register). 

Block Mode (Memory-to-Memory Transfer). When 
block mode or memor y-to-memory mode is set, service 
continues until END is input or a terminal count is 
generated. In memory-to-memory transfer, only the re- 
quest bit for channel is cleared. 



Self-Initialization 

When the mode control register is set to self- 
initialization, the /aPD71037 automati cally initializes the 
address and count registers when END is input or a 
terminal count is generated. The contents of the address 
set register and the count set register are transferred to 
the effective address register and the effective count 
register, respectively. The applicable bit of the mask 
register is not affected. The applicable bit of the mask 
register is set for channels not programmed for self- 
initialization. 

Channel Priority 

Each of the /nPD71037's four DMA channels is assigned a 
priority. When there are DMA requests from several 
channels simultaneously, the channel with the highest 
priority will be serviced. The device control register 
selects one of two channel priority methods: fixed nest 
mode or rotation nest mode. 

In fixed nest mode, the priority (starting with the high- 
est) is channel 0, 1, 2, and 3, respectively. In rotation nest 
mode, priority is rotated so that the channel that has just 
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been given service receives the lowest priority and the 
next highest channel number is given the highest prior- 
ity. This method prevents exclusive servicing of some 
channels. 

Figure 4 shows the two priority order methods. 
Figure 4. DMA Channel Priorities 
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Cascade Connection 

The jtPD71037 can be cascaded to expand the system 
DMA channel capacity. To connect a ^PD71037 for cas- 
cading (figure 5), perform the following operations. 

(1) Connect pins HLDRQ and HLDAK of the second- 
stage (slave) mPD71037 to pins DMARQ and DMAAK 
of any channel of the first-stage (master) jiPD71037. 

(2) To select cascade mode of a particular channel of a 
master /aPD71037, set bits 7 and 6 of that channel's 
mode control register to 11. 

When a channel is set to cascade mode in a master 
MPD71037, DMARQ, DMAAK, HLDRQ, HLDAK, and RE- 
SET are the only valid signals in that master jaPD71037. 
The other signals are disabled. The master cascade 
channel intermediates only hold request/hold acknowl- 
edge between slave and the host CPU. 



Figure S. 


Cascade Connection Example 
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DMA Transfer Timing 

Figures 6 through 9 are timing diagrams for the DMA 
transfer operations described previously. 
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Figure 6. l/O-to-Memory Transfer, Normal Mode Timing 
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Figure 7. Memory-to-Memory Transfer Timing 
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Figure 8. l/OJo-Memory Transfer, Compression Mode Timing 
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Figure 9. READY Timing 
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REGISTERS 

The /aPD7l037 registers are considered to be address/ 
count registers or control registers. 

• Address/Count Registers 

— Effective address register 

— Set address register 

— Effective count register 

— Set count register 

• Control Registers 

— Device control register 

— Mode control register 

— Request control register 

— Mask control register for each channel 

— Mask control register for all channels 

— Temporary data register 

— Status read register 

Each address/count register consists of 16 bits. A read/ 
write operation for this type of register is performed by 
accessing 2 bytes of an I/O address. The low-order 
address byte is accessed first, followed by the high- 
order address byte. To set a new value in an address/ 
count register, write its low-order byte first by issuing an 
address low-byte command. The commands you can 
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use are presented later in Commands. Table 3 lists the 
address/count registers for each channel. Each control 
register consists of 8 bits. Table 4 lists the type of output 
and addresses for the control registers. 

Effective Address Register 

A 16-bit effective address register is assigned to each 
channel. It holds the address to be output during DMA 
transfer. This register is updated by ±1 for each single- 
byte DMA transfer. 

Set Address Register 

A 16-bit set address register is assigned to each channel. 
It contains the initial value of a DMA transfer address set 
by the host CPU. Unlike the effective address register, 
this register retains its contents until the host CPU writes 
a new byte count into it. At self-initialization, the con- 
tents of the set address register are transferred to the 
effective address register at the initial address register. 
Values are written into the set address register by writing 
its 2 bytes in succession. However, the host CPU cannot 
read the address data from this register. 



Effective Count Register 

The effective count register is a 16-bit register assigned 
to each channel. It contains the remaining byte count for 
DMA transfer. This register is decremented by 1 for each 
single-byte DMA transfer. As in the effective address 
register, a value is read from or written into the effective 
count register by reading or writing its 2 bytes in suc- 
cession. 



Tables. Address/Count Registers 




Channel 


Register 


R/W 


Address 
(Bits A3-A0) 





Set address register 


w 


OH 




Effective address register 


R/W 






Set count register 


w 


1H 




Effective count register 


FVW 




1 


Set address register 


w 


2H 




Effective address register 


R/W 






Set count register 


w 


3H 




Effective count register 


R/W 




2 


Set address register 


w 


4H 




Effective address register 


R/W 






Set count register 


W 


5H 




Effective count register 


R/W 




3 


Set address register 


w 


6H 




Effective address register 


R/W 






Set count register 


w 


7H 




Effective count register 


R/W 





Notes: 

(1) When a new value is written into a set address/count register, it is 
simultaneously written into an effective address/count register. 
Therefore, when setting an address and count, you need not 
consider the differences between a set address/count register and 
an effective address/count register. 

(2) The set address/count registers are used only for writing. If an 
attempt is made to read these registers, the effective address/ 
count registers are read instead. 
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Table 4. Control Registers 



Figure 10. Device Control Register 



Register 


R/W 


Address 
(Bits A 3 -A ) 


Device control register 


W 


8H 


Status read register 


R 




Request control register 


W 


9H 


Mask control register 
(each channel) 


W 


AH 


Mode control register 


W 


BH 


Temporary data register 


R 


DH 


Mask control register (all 
channels) 


W 


FH 



AKL 


RQL 


EXW 


ROT 


CMP 


DOMA 


AHLD 


MTM 



Notes: 

(1) An I/O address other than listed in this table is assigned to 
address/count registers or commands; otherwise, the address 
cannot be accessed. 

(2) The I/O address DH (in the temporary data register) is assigned to 
a software reset command when it is written. Refer to the 
Commands section for details. 



Set Count Register 

A 16-bit set count register is assigned to each channel. It 
holds the initial value of the DMA transfer byte count 
written by the host CPU. Unlike the effective count 
register, the set count register retains its data until the 
host CPU writes a new byte count into it. A value is 
written into the set count register by writing to its 2 bytes 
in succession. However, this register is read-protected. 

Device Control Register 

The 8-bit device control register controls the DMA trans- 
fer modes, determines whether to permit or inhibit DMA 
operation, controls the active levels of DMARQ and 
DMAAK, and determines whether to permit or inhibit 
memory-to-memory transfer. 

Figure 10 shows the format of the device control register 
and table 5 describes the bits . 



7 


6 


5 4 3 2 10 
Address 8H 


AKL 




DMAAK Active Level 



1 




Active low 
Active high 


RQL 




DMARQ Active Level 



1 




Active high 
Active low 


EXW 




Extension Writing 




1 




Normal writing 
Extension writing 


ROT 




Rotation Nesting 



1 




Fixed nest mode 
Rotation nest mode 


CMP 




Compression Transfer 



1 




Normal transfer mode 
Compression transfer mode 


DDMA 




DMA Operation 



1 




Permit 
Inhibit 


AHLD 




Channel Address Hold 



1 




Inhibit address fixing 
Permit address fixing 


MTM 




Memory-to-Memory Transfer 



1 




Inhibit 
Permit 


Table S. Device Control Register Bits 


Bit 


Symbol 


Description 


7 


AKL 


DMA acknowledge active level. This bit specifies 
the active levels of the four DMAAK output 
signals. Setting this bit to 1 indicates the active- 
high DMAAK signals. 


6 


RQL 


DMA request level. This bit specifies the active 
levels of the four DMARQ input signals. Setting 
this bit to indicates the active-high DMARQ 
signals. 



5 EXW Extended write. When this bit is set, the 

luPD71037 outputs a write signal at the same 
timing as a read signal (extension writing, 
figure 11). You cannot specify extension writing 
during compressed transfer. 

4 ROT Rotate priority. Setting this bit determines DMA 

channel priorities In rotation nest mode. 
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Table 5. Device Control Register Bits (cont) 

Bit Symbol Description 

3 CMP Compressed timing. When this bit is set, DMA 

transfer in the block or demand modes occurs 
at compression timing. Compression transfer 
mode must not be specified during memory- 
to-memory transfer. 

2 DDMA Disable DMA. While this bit is set, the pPD71037 

does not output the HLDRQ signal to the host 
CPU even if it receives an effective DMA 
request. It also prevents invalid DMA transfer 
during fiPD71037 programming. 

1 AHLD Channel address hold. If memory-to-memory 

transfer is permitted, setting this bit fixes the 
address of the transfer source channel 0. If 
memory-to-memory transfer is inhibited, this bit 
is meaningless. 

MTM Memory to memory. Setting this bit permits 

memory-to-memory transfer. 

Figure 1 1. Timing for Extension Writing 
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Mode Control Register 

The mode control register specifies DMA transfer mode 
for each channel. Figure 1 2 shows the format and table 6 
describes the bits. 



Figure 12. Mode Control Register 
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TDIR 


Transfer Direction 




1 

1 
1 1 


Verify transfer 
l/O-to-memory transfer 
Memory-to-l/O transfer 
Inhibit transfer 


SELCH 


Channel Selection 




1 

1 

1 1 


Channel 
Channel 1 
Channel 2 
Channel 3 


Table 6. Mode Control Register Bits 


Bits Symbol 


Description 



7, 6 TMODE 



Transfer mode. These bits indicate the DMA 
transfer mode for l/O-to-memory transfer 
(meaningless during memory-to-memory 
transfer because block mode is automatically 
selected). 

5 ADIR Address direction. This bit indicates whether the 

effective address register is incremented or 
decremented. If set to 0, the register is 
incremented by 1 for each single-byte transfer. 
If set to 1 , it is decremented by 1 for each 
single-byte transfer. 

4 SEFI Self-initialization. In memory-to-memory transfer, 

assign the same value to the SEFI bits of 
channel (transfer source) and channel 1 
(transfer destination). 

3, 2 TDIR Transfer direction. These bits specify the l/O- 

to-memory transfer direction (meaningless 
during memory-to-memory transfer). 

1 , SELCH Select channel. These bits specify the DMA 
channel to which DMA transfer modes are 
specified by bits 7-2 . 
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Status Read Register 

The status read register indicates whether a DMA re- 
quest or terminal count is generated and whether the 
END signal is externally input. This information is set for 
each channel. Figure 13 shows the register format and 
table 7 describes the bits. 

Figure 13. Status Read Register 



Figure 15. Request Control Register 
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RQO 
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TC2 


TC1 


TCO 


7 


6 5 4 3 2 1 
Address 8H 


RQ3-RCH 


) Hardware DMA Request (Channels 3-0) 



1 


Request not generated 
Request generated 


TC3-TC0 


Terminal Count (Channels 3-0) 



1 


Transfer not yet terminated 

END input or terminal count occurs 


Table < 


7. Status Read Register Bits 


Bits Symbol Description 



7-4 RQ3-RQ0 DMA request. These bits specify whether a DMA 
hardware request is generated by inputting the 
DMARQ signal. If the corresponding channel is 
masked, these bits are reset as long as the 
DMARQ input is active for this channel. A 
hardware DMA request held by a mask can be 
detected by sampling these bits. 

3-0 TC3-TC6 Term inal count These bits specify whether the 
END signal is input or a terminal count is 
generated. This information is set for each 
channel. If a t ermin al count occurs within a 
channel or an END signal is externally input, 
the corresponding channel bit is set. These bits 
are reset each time the status read register is 
read. 



Temporary Data Register 

The temporary data register contains the data trans- 
ferred last during memory-to-memory transfer. Figure 14 
shows the register format. 

Figure 14. Temporary Data Register 
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Software DMA Request 





1 






Reset DMA request bit 
Set DMA request bit 




SELCH 






Select Channel 






1 

1 

1 1 






Channel 
Channel 1 
Channel 2 
Channel 3 




Table 8. 


Request Control Register Bits 




Bits 


Symbol 


Description 





2 SRQ Software DMA request. This bit controls a 

software DMA request for the channel selected 
by bits and 1 . Setting this bit to 1 sets the 
request bit of the selected channel. Setting it to 
resets the request bit 

1,0 SELCH Select channel. These bits specify the channel 
for which software DMA request control is 
executed. 



Mask Control Registers 

The mask control register controls the DMA request 
mask for each channel. Two types of mask control 
registers are provided. The first is a register that masks 
each of the channels separately (figure 16). The second 
is a register that masks all of the channels at once (figure 
17). Table 9 describes the mask control register bits. 

Figure 16. Mask Control Register (Each Channel) 
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Request Control Register 

The request control register controls software DMA 
requests. Figure 15 shows the register format and table 8 
describes the bits. 
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Figure 17. Mask Control Register (All Channels) COMMANDS 
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The jtPD7l037 supports three commands (in addition to 
the registers) to control data transfer operations. 



M3-M0 


DMARQ Mask (Channels 3-0) 




1 


Reset mask 
Set mask 


Tables. Mask Control Register Bits 


Bite Symbol 


Description 


Each Channel 


2 MSET 


Mask set. This bit masks the DMA request 
(DMARQ pin input) for the channel selected in 
bits 1 and 0. 


1,0 SELCH 


Select channel. These bits select the channel to 
mask. 


All Channels 



• Address low-byte command 

• Software reset command 

• Clear-all-masks command 



The host CPU writes data into these commands (table 
10) to enable them to control mPD71037 operation. Unlike 
the registers, any data can be written into the com- 
mands. 



3-0 M3-M0 Mask. These bits specify whether a mask is set 
or reset for the four DMA channels. Setting any 
of the bits to 1 masks the respective channel 
and the DMA request (DMARQ pin input) for 
this channel is inhibited. Setting any of these 
bits to resets the mask. 



Table 10. Ust of Commands 



Command 


R/W 


Address (Bite A3-A0) 


Function 


Address low-byte 


W 


CH 


This command must be issued before a new value is set in an address/ 
count register. The low-order byte of this new value is set first and then its 
high-order byte is set. 


Software reset 


w 


DH 


The reset operation performed by this command is the same as the 
normal hardware reset operation. The reset operation clears the device 
control register, status read register, request control register, and 
temporary data register to 00H. Masks are set for all channels. 


Clear-all-masks 


w 


EH 


The masks for all channels are released and the reception of a DMA 
transfer request is permitted. 



Notes: 

(1) After the reset operation by hardware or software, a value is 
written in the low-order byte of the address/count register. 

(2) If an attempt is made to read I/O address DH , the temporary data 
register is read instead. See table 4. 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

T A = 25°C 




Supply voltage, V DD 


-0.5 to 7.0 V 


Input voltage, V| 


-0.5toV DD +0.3V 


Output voltage, V 


-0.5toV DD +0.3V 


Operating temperature range, T pr 


-40 to +85°C 


Storage temperature range, Tstq 


-65 to +150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 



Capacitance 

T A - 25°C 



Parameter Symbol Mln Typ Max Unit Conditions 



Input Q 
capacitance 


8 


15 


PF 


Output Co 
capacitance 


4 


8 


PF 



I/O 
capacitance 



Cio 



fc = 1MHz; 
unmeasured pins 
returned to V 



10 18 



PF 



DC Characteristics 

T A = -40 to +85°C; V DD = +5.0 V ± 10% 



Parameter Symbol 


Mln 


Typ 


Max 


Unit 


Conditions 


Input voltage, low Vm 


-0.5 




0.6 


V 


CLK pin 


V|L2 


-0.5 




0.8 


V 


All except CLK 


Input voltage, high V JH i 


3.3 




V DD + 0.3 


V 


CLK pin 


V|H2 


2.2 




V DD + 0.3 


V 


All except CLK 


Output voltage, low Vol 






0.4 


V 


"Of 


= 2.5 mA; Iol = 4.5 mA (TC only) 


Output voltage, high Vqh i 


D-7V DD 




V 


•oh ' 


= -400 j«A 


Input leakage current l L) 






±10 


ma 


V, = 


0VtoV DD 


Output leakage current l L o 






±10 


l»A 


V = 


= 0VtoV DD 


Power supply current Idd 






20 


mA 


10-MHz operation 


AC Characteristics 

T A = -10 to +70°C; V DD = +5.0 V ± 10% 


Parameter 




Symbol 


Mln 


Max 


Unit 


Conditions 


DMA Master Mode 


AEN high delay time from CLK low 




*AEL 




100 


ns 


S1 


AEN low delay time from CLK high 




*AET 




70 


ns 


S1 


Address active to float delay from CLK high 




*AFAB 




80 


ns 




IORD/MRD or IOWR/MWR float from CLK high 




Wc 




80 


ns 




DB active to float delay from CLK high 




*afdb 




120 


ns 




Address hold time from IORD/MRD high 




Uhr 


t CY - 100 




ns 




DB hold time from ASTB low 




Vis 


20 




ns 




Address hold time from IOWR/MWR high 




*AHW 


t C Y - 40 




ns 




DMAAK valid delay time from CLK low 




tAK 




100 


ns 




TC" high delay time from CLK high 




*AK 




100 


ns 




TC low delay time to CLK high 




*AK 




90 


ns 




Address stable from CLK high 




*ASM 




80 


ns 




Data bus setup time to ASTB low 




*ASS 


40 




ns 




Clock pulse width, high 




tCH 


39 




ns 


Transitions s 10 ns 
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AC Characteristics (cont) 


Parameter 


Symbol 


Mln 


Max 


Unit 


Conditions 


DMA Master Mode (cont) 


Clock pulse width, low 


*CL 


45 




ns 


Transitions £ 10 ns 


CLK cycle 


tCY 


100 


1000 


ns 




CLK high delay to lORD/MRD or IOWR/MWR 
low 


*DCL 


10 


80 


ns 




IORDTMRD high delay time from CLK high 


tDCTR 


10 


80 


ns 


S4 


IQWrTMWR high delay time from CLK high 


tDCTW 


10 


55 


ns 


S4 


HLDRQ valid delay time from CLK high 


tDQ-l/ 
tDQ2 




70 


ns 




END low setup time from CLK low 


*EPS 


25 




ns 




END pulse width 


tEPW 


100 




ns 




Address float to active delay from CLK high 


*FAAB 




80 


ns 




lORD/MRD or IOWR/MWR active from CLK 
high 


tFAC 




80 


ns 




Data bus float to active delay from CLK high 


*FADB 




70 


ns 




HLDAK valid setup time to CLK high 


*HS 


50 




ns 




Input data hold time from MRD high 


t|DH 


20 




ns 




Input data setup time to MRD high 


*1DS 


90 




ns 




Output data hold time from MWR high 


tODH 


10 




ns 




Output data valid to MWR high 


toDV 


65 




ns 




DMARQ setup time to CLK low 


Iqs 


20 




ns 


81, S4 


CLK hold time to READY low 


*RH 


20 




ns 




READY setup time to CLK low 


*RS 


25 




ns 




ASTB high delay time from CLK high 


*STL 




70 


ns 




ASTB low delay time from CLK high 


tSTT 




70 


ns 




Peripheral (Slave) Mode 


Address valid or C"3 low to lORD/MRD low 


Ur 


35 




ns 




Address valid setup time to IOWR/MWR high 


*AW 


80 




ns 




CS low setup time to IOWR/MWR high 


*CW 


90 




ns 




Data valid setup time to IOWR/MWR high 


*DW 


80 




ns 




Address or CS hold from lORD/MRD high 


*RA 







ns 




Data access from lORD/MRD low 


tRDE 




120 


ns 




Data bus float delay from lORD/MRD high 


tRDF 





70 


ns 




Power supply setup time high to RESET low 


tRSTD 


500 




ns 




RESET to first E5RD" or lOWR 


l RSTS 


*CY 




ns 




RESET pulse width 


tRSTW 


200 




ns 




1GRD/MRD width 


*RW 


150 




ns 




Address hold time from IOWR/MWR high 


l WA 


15 




ns 




CS hold time high from IOWR/MWR high 


*WC 


15 




ns 




Data hold time from IOWR/MWR high 


two 


20 




ns 




IOWR/MWR width 


twws 


90 




ns 




Access recovery time 




125 




ns 
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Timing Waveforms 
Memory4o-Memory Transfer 




AD -AD 7 



'STL 



r FAC- 



/ 



\ 



l STT 



L- 1 / 



t 



Address Valid 



*■ l AFDB 



&WOD 



\ 



r DCL 



'IDS 



l DCTR 



/ 



/ 



X 



"A 



t 



l AHS 



r \7TV 



Address Valid 



> 



^A 8 -A 15 J J 



'AFDB 



'DCL 



* ' °"' > 



DCTW- 

■« *■ 



\_ 



/ 



l EPW 

\\\\\\\\\\\\\\\\\\\\w^ w///////// 
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DMA Transfer 



CLK 
l QS- 



^Q- 



HLDRQ 



AD -AD 7 



IORD, MRD 



IOWR, MWR 



TC 



/ 



m 



l AEL ■» 



/ 



T FADB 



'FAAB 



T FAC 




ASS 

* — p- 



WW^ 



Q 



l AHW 



\ 



W^. 



Address Valid 



\ 



l DCL 



'DCTR 



t v 



Dashed Line = Extended Write 



1_ 



A 



J^J^ 



l EPS" 
l EPW- 



'ASM 



T1 T1 I TO TO T1 T2 T3 T4 T2 T3 T4 T1 T1 T1 

f\AAAAAAAAAAAA/\ 

ls ~Hr 



\ 



'ahw 



M 



\ Address Valid ) 



'AHR 



DCTR- 
DCL 



WWWWWX till 1/1 /1/ II 



\J 



X 



-tAET 



f AK 



r AHR 



r 



x NFO 



l DCTW 



£ 



A 



*AK 



f AK 
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Compressed Transfer 



CLK 



I T 2 I T4 I T2 I T4 I 



READY 



X 



X 



v 



-*4 l DCL 



Valid 



■ f DCTR ■ 



/ 'V 



/ 



TCTW - 



l RH 



l DCTW 



M / X F 



F\ 



7\ 



Reedy 




IORD, MRD 



IOWR, MWR 



^CL 



X 



Extended _ ^ 
Write \ 



\ 



r RH- 



wwwwwwwW 



[ DCL 



r DCTR 



/ 



-*\ 'dctw 



/ 



J RS 



mm 
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Slave Mode Write 



X 



\ 



x 



x 



tew 



twws 



l AW 



Input Valid 



tDW 



Input Valid 



¥ 



I 



X 



X 



Slave Mode Read 



cs 



AD -AD 7 



\ 



X 



*AR- 



\ 



Address Must Be Valid 



tRW 



tRDE 



/ 



/ 



X 



t RDF ►> 



Data Out Valid 



> 
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Reset 



V D D 



Jl 



tRSTD 



tRSTW 



/ 



\ 



tRSTS 
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NEC Electronics Inc. 



A/PD71051 
Serial Control Unit 



Description 

The yt/PD71051 serial control unit is a CMOS USART 
designed to provide serial data communications in 
microcomputer systems. The CPU uses it as a peri- 
pheral I/O device and programs it to communicate in 
synchronous or asynchronous serial data transmission 
protocols, including IBM bisync. 

The USART receives serial data streams and converts 
them into parallel data characters for the CPU. While 
receiving serial data, the USART can also accept 
parallel data from the CPU, convert it to serial, and 
transmit the data. The USART signals the CPU when it 
has received or transmitted a character and requires 
service. The CPU may read complete USART status 
data at any time. 

Features 

□ Synchronous operation 
One or two SYNC characters 
Internal/external synchronization 
Automatic SYNC character insertion 

□ Asynchronous operation 
Clock rate: (baud rate) 
x1, x16, orx64 

Send stop bits: 1, 1.5, or 2 bits 
Break transmission 
Automatic break detection 
Valid start bit detection 

□ Baud rate: dc to 300 kb/s at x1 clock 

□ Full duplex, double-buffered transmitter/receiver 

□ Error detection: parity, overrun, and framing 

□ Five- to eight-bit characters 

□ Low-power standby mode 

□ Compatible with standard microcomputers 

□ Functionally equivalent to (except standby mode) 
and can replace the/uPD8251AF 

□ CMOS technology 

□ Single +5 V ± 10% power supply 

□ Industrial temperature range -40 to +85 °C 

□ 28-pin plastic DIP or PLCC or 44-pin plastic QFP 
D 8 MHz and 10 MHz 



Ordering Information 




Part Number 


Clock (MHz) 


Package 


A/PD71051C-8 


8 


28-pin plastic DIP 


C-10 


10 




GB-8 


8 


44-pin plastic QFP 


GB-10 


10 




L-8 


8 


28-pin PLCC 


L-10 


10 





Pin Configurations 

28-Pin Plastic DIP 













D 2 C 


1 V - 


<* 28 


ID, 


D 3 C 


2 


27 


UDo 




RxDATA C 


3 


26 


3 v DD 




GNDC 


4 


25 


3 RxCLK 




D 4 C 


5 


24 


3 DTR 




D 5 C 


051 


J RTS 




D 6 C 


7 § 22 


3 DSR 




d 7 C 


8 \ 21 


3 RESET 




TxCLK C 


9 


20 


3 CLK 




WR C 


10 


19 


3 TxDATA 




CS C 


11 


18 


3 TxEMP 




C/D C 


12 


17 


3 CTS 




RD C 


13 


16 


3 SYNC/BRK 




RxRDY C 


14 


15 


3 TxRDY 


83-000781 A 
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Pin Configurations (cont) 

44-Pin Plastic QFP 



Pin Identification 



u 

z 




3 
u 




IK 

h 
O 




o 

z 
>■ 

CO 




Q 
D 




O 

Z 




a 
a 
a 




s 




Q 





G 






z 



NC I I I 




NC I I I 




TxDATA I I I 




CLK I I I 




RESET I I I 




NC I I I 




DSR I I I 




RTS | I I 




DTR I I I 




NC I I I 




NC I I I 



//PD71051 



v 



NC 

NC 

WR 

TxCLK 

D 7 

NC 

D 6 

Ds 

D 4 

NC 

NC 



28-Pin Plastic Leaded Chip Carrier (PLCC) 




-1 UJ < 
° IE l"> £ CO * Q 

oe la loc Io oc o h 




n n n n n n n 




Vdd C 


U> ^ CO CM 1- O O 
CM CM CM CM CM CM l - 

26 18 


3 TxEMP 


Do C 


27 17 


3 CTS 


D1 C 


28 16 


D SYNC/BRK 


D 2 C 


1 O /"PD71051 15 


D TxRDY 


D 3 C 


2 14 


3 RxRDY 


RxDATA C 


3 13 


H RD 


GND C 


4 12 

m » s » o) ? ? 


3 C/D 




u u u u u u u 




^ in <c r^ 
Q Q Q Q 


* IK ICO 




i- 
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Symbol 


Function 


TxDATA 


Transmit data output 


CLK 


Clock input 


RESET 


Reset input 


DSR 


Data set ready input 


RTS 


Request to send output 


OTr 


Data terminal ready output 


RxCLK 


Receiver clock input 


v D o 


+5V power supply 


D7-D0 


Data bus 


IC 


Internally connected (Do not connect 
any signal to an IC pin) 


RxDATA 


Receive data input 


GND 


Ground 


TxCLK 


Transmitter clock input 


WR 


Write strobe input 


CS 


Chip select input 


C/D 


Control or data input 


RD 


Read strobe input 


RxRDY 


Receiver ready output 


TxRDY 


Transmitter ready output 


SYNC/BRK 


Synchronization/Break input/output 


CTS 


Clear to send input 


TxEMP 


Transmitter empty output 


NC 


Not connected 



Pin Functions 

D7-D0 [Data Bus] 

D7-D are an 8-bit, 3-state, bidirectional data bus. The 
bus transfers data by connecting to the CPU data bus. 

RESET [Reset] 

A high level to the RESET input resets the £<PD71051 
and puts it in an idle state. It performs no operations in 
the idle state. The //PD71051 enters standby mode 
when this signal falls from a high level to a low level. 
Standby mode is released when the CPU writes a mode 
byte to the/iPD71 051 . The reset pulse width must be at 
least 6 tcYK cycles and the clock must be enabled. 
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CLK [Clock] 

This clock input produces internal timing for the 
//PD71051. The clock frequency should be at least 30 
t imes th e transm itter or receiver clock input frequency 
(TxCLK, RxCLK) in sync or async mode with the X1 
clock. This assures stable operation. The clo ck 
frequenc y must be more than 4.5 times the TxGLK or 
RxCLK in async mode using x16 or x64 clock mode. 

CS [Chip Select] 

The CS input selects the //PD71 051. The,uPD71051 is 
selected by setting CS = 0. When CS = 1 , the//PD71051 
is not selected, the data bus (D7-D0) is in the high 
impedance state, and the RD and WR signals are 
ignored. 

RD [Read Strobe] 

The RD input is low when reading data or status 
information from theyuPD71051. 

WR [Write Strobe] 

The WR input is low when writing data ora control byte 
tothe//PD71051. 

C/D [Control or Data] 

The C/D input determines_the data type when accessing 
the /iPD71051. When C/D = 1, the data is a control 
byte (table 1) or status. When C/D = 0, the data is 
character data. This pin is normally connected to the 
least significant bit (A ) of the CPU address bus. 

Table 1. Control Signals and Operations 



CS 


RO 


WR 


C/D 


//PD71051 


CPU Operation 








1 





Receive data buffer 

O 

Data bus 


Read receive data 








1 


1 


Status register 

O 

Data bus 


Read status 





1 








Data bus 

O 

Transmit data buffer 


Write transmit data 





1 





1 


Data bus 

O 

Control byte regjster 


Write control byte 





1 


1 , 


X 


Data bus: 
High impedance 


None 


1 


X 


X 


X 


Data bus: 
High impedance 


None 



DSR [Data Set Ready] 

DSR is a general-purpose input pin that can be used for 
modem control. The status of this pin can be determined 
by reading bit 7 of the status byte. 

DTR [Data Terminal Ready] 

DTR is a general-purpose output pin that can be used 
for modem control. The state of this pin can be 
controlle d by w riting bit 1 of the com man d byte. If bit 1 
= 0, then DTR = 1 . If bit 1 = 1 , then DTR = 0. 

RTS [Request to Send] 

RTS is a general-purpose output pin that can be used 
for modem control. The status of this pin can be 
controlle d by writing bit 5 of the co mman d byte. If bit 5 
= 1 , then RTS = 0. If bit 5 = 0, then RTS = 1 . 

CTS [Clear to Send] 

The CTS input controls data transmissi on. The 
//PD71051 is able to transmit serial data wh en CT S = 
and the command byte sets TxEN = 1. If CTS is set 
equal to 1 during transmission, the sending operation 
stops after sending all currently written data and the 
TxDATA pin goes high. 

TxDATA [Transmit Data] 

The //PD71051 sends serial data over the TxDATA 
output. 

TxRDY [Transmitter Ready] 

The TxRDY output tells the CPU that the transmit data 
buffer in the //PD71051 is empty; that is, that new 
transmit data can be written. This signal is maske d by 
the TxEN bit of the command byte and by the CTS 
input. It can be used as an interrupt signal to request 
data from the CPU. 

The status of TxRDY can be determined by reading bit 
of the status byte. This allows the //PD71051 to be 
polled. No te th at TxRDY of the status byte is not 
masked by CTS or TxEN. 

TxRDY is cleared to by the falling edge of WR when 
the CPU writes transmit data to the yuPD71051 . Data in 
the transmit data buffer that has not been sent is 
destroyed if transmit data is written while TxRDY = 0. 
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TxEMP [Transmitter Empty] 

The juPD71051 reduces CPU overhead by using a 
double buffer; the transmit data buffer (second buffer) 
and the transmit buffer (first buffer) in the transmitter. 
When the CPU writes transmit data to the transmit data 
buffer (second buffer), the//PD71051 sends data by 
transferring the contents of the second buffer to the 
first buffer, after transmitting the contents of the first 
buffer. 

This empties the second buffer and TxRDY is set to 1 . 
The TxEMP output becomes 1 when the contents of the 
first buffer are sent and the second buffer is empty. 
Thus, TxEMP = 1 shows that both buffers are empty. In 
half-duplex operation, you can determine when to 
change from sending to receiving by testing TxEMP = 1 . 

When TxEMP = 1 occurs in async mode, the TxDATA 
pin goes high. When the CPU writes transmit data, 
TxEMP is set to and data transmission resumes. 

When TxEMP = 1 occurs in sync mode, the/iPD71051 
loads SYNC characters from the SYNC character 
register and sends them through the TxDATA pin. 
TxEMP is set to and resumes sending data after 
sending (one or two) SYNC characters and the GPU 
writes new transmit data to the //PD71 051 . 



TxCLK [Transmitter Clock] 



The TxCLK input is the reference clock input that 
determines the trans mission rate. Data is transmitted 
at the sa me rate as TxCLK in sync mode. In async 
mode, set TxCLK to 1 , 1 6, or 64 times the transmission 
ra te. Seria l data from TxDATA is sent at the falling edge 
of TxCLK. 

For exampl e, a rate of 19200 baud in sync mode means 
that TxCLK is 19.2 kH z. A rat e of 2400 baud in async 
mode can represent a TxCLK of: 

x1 clock = 2.4 kHz 
x16 clock = 38.4 kHz 
x64 clock = 153.6 kHz 

RxDATA [Receive Data] 

The //PD71 051 receives serial data through the RxDATA 
input. 

RxRDY [Receiver Ready] 

The RxRDY output becomes 1 when the ;uPD71051 
receives one character of data and transfers that data 
to the receive data buffer; that is, when the receive data 
can be read. This signal can be used as an interrupt 
signal for a data read request to the CPU. You can 



determine the status of RxRDY by reading bit 1 of the 
status byte and use the^PD71051 in a polling applica- 
tion. RxRDY becomes when the CPU reads the 
receive data. 

Unless the CPU reads the receive data (after RxRDY = 
1 is set) before the next single character is received and 
transferred to the receive buffer, an overrun error 
occurs, and the OVE status bit is set. The unread data 
in the receive data buffer is overwritten by newly 
transferred data and lost. 

RxRDY is set to in the receive disable state. This state 
is set by changing the RxEN bit to through the 
command byte. After RxEN is set to 1 (making receiving 
possible), RxRDY becomes 1 whenever new characters 
are received and transferred to the receive data buffer. 

SYNC/BRK [Synchronization/Break] 

The SYNC pin detects synchronization characters in 
sync mode. The SYNC mode byte selects internal or 
external SYNC detection. The SYNC pin becomes an 
output when internal synchronization is set, and an 
input when external synchronization is set. 

The SYNC output goes high when the //PD71051 
detects a SYNC character in internal synchronization. 
When two SYNC characters are used, SYNC goes high 
when the last bit of the two consecutive SYNC 
characters is detected. You can read the status of the 
SYNC signal in bit 6 of the status byte. Both the SYNC 
pin and status are set to by a read status operation. 

In external synchronization, in order for the external 
circuit to dete ct synch ronization, a high level of at least 
one period of RxCLK must be input to the SYNC pin. 
When the juPD71 051 detects the high level, it begins to 
receive data, starting at the rising edge of the next 
RxCLK. The high level input may be removed when 
synchronization is released. 

The BRK output is used only in async mode and shows 
the detection of a break state. BRK goes high when a 
low level signal is input to the RxDATA pin for two 
character bit lengths (including the start, stop, and 
parity bits). As with SYNC, you can read the status of 
BRK in bit 6 of the status byte. BRK is not cleared by the 
read operation. 

The set BRK signal is cleared when the RxDATA pin 
returns to high level, or when the//PD71051 is reset by 
hardware or software. The SYNC/BRK pin goes low on 
reset, regardless of previous mode. Figure 1 shows the 
break state and BRK signal. 
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RxCLK [Receiver Clock] 



RxCLK is a reference clock input that controls the 
receive data rate . In sync mode, t he rece iving rate is the 
same as RxCLK. In async mode, RxCLK can be 1 , 1 6, or 
64 times the receive rate. S erial da ta from RxDATA is 
input by the rising edge of RxCLK. 

Vqd [Power] 

+5 V power supply. 

GND [Ground] 

Ground. 

Figure 1. Break Status and Break Signal 



8-bit Character, No Parity 



RxDATA L 



Character Bits 



Stop Bit [2] 
r- Start Bit 
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- Stop Bit 



J~ 
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Block 
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6-bit Character with Parity 



i— Start Bit 
Character Bits 



Parity Bit 
Stop Bit [2] 
I— Start Bit 
Character Bits 



Do 



— Parity Bit 

— Stop Bit 
i— Start Bit 



-First Data- 
Block 
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Note: 

[1 ] When RxDATA goes high in the stop bit position of the second data block, 

the BRK signal level may [but does not always] become high for a 

maximum of one bit time. 
[2] Only one bit of the stop bit is checked. 



/C/PD71051 Functions 

The//PD71051 is a CMOS serial control (USART) unit 
that provides serial communications in microcomputer 
systems. The CPU handles the//PD71 051 as an ordinary 
I/O device. 

The//PD71 051 can operate in synchronous or asynchro- 
nous systems. In sync mode, the character bit length, 
number of sync characters, and sync detection mode 
must be designated. In async mode, the communication 
rate, character bit length, stop bit length, etc., must be 
designated. The parity bit may be designated in either 
mode. 

The//PD71051 converts parallel data received from the 
CPU into serial transmitted data (from the TxDATA 
pin), and converts serial input data (from the RxDATA 
pin) into parallel data so that the CPU can read it 
(receiving operation). 
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The CPU can read the current status of the /uPD71 051 
and can process data after checking the status, after 
checking for transfer errors, and//PD71051 data buffer 
status. 

The//PD71 051 can be reset under hardware or software 
control to a standby mode that consumes less power 
and removes the device from system operation. In this 
mode, the //PD71051's previous operating mode is 
released and it waits for a mode byte to set the mode. 
The //PD71051 leaves standby mode and shifts to a 
designated operating mode when the CPU writes a 
mode byte to it. 

Status Register 

The status register allows the CPU to read the status of 
thejuPD71051 except in standby mode. This register 
indicates status and allows the CPU to manage data 
reading, writing, and error handling during operations. 

Receive Data Buffer 

When the receiver has converted the serial data input 
from the RxDATA pin into parallel data, the converted 
data is stored in the receive data buffer. The CPU can 
then read it. Data for one character entering the receive 
buffer is transferred to the receive data buffer and 
RxRDY becomes 1, requesting that the CPU read the 
data. 
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Transmit Data Buffer 

The transmit data buffer holds the parallel data from 
the CPU that the transmitter will convert to serial data 
and output from the TxDATA pin. When the CPU writes 
transmit data to the £»PD71051, the yuPD71051 stores 
data in the transmit data buffer. The transmit data 
buffer transfers the data to the transmitter, which 
sends the data from the TxDATA pin. 

Control Register 

This register stores the mode and the command bytes. 

Control Logic 

The control logic sends control signals to the internal 
blocks and controls the operation of the ^uPD71051 
based on internal and external signals. 

Synchronous Character Register 

This register stores one or two SYNC characters used 
in sync mode. During transmission, the SYNC 
characters stored in this register are output from the 
TxDATA pin when the CPU does not send a new 
character and TxEMP status is set. During receiving, 
synchronization is established when the characters 
received and the SYNC characters stored in this 
register are the same. 

Transmitter 

The contents of the transmit data buffer are transferred 
to the transmitter, converted from parallel to serial, and 
output from the TxDATA pin. The transmitter adds 
start, stop, and parity bits. 

Receiver 

The receiver converts serial data input from the RxDATA 
pin into parallel data and transfers the parallel data to 
the receive data buffer, allowing the CPU to read it. 

The receiver detects SYNC characters and checks 
parity bits in sync mode. It detects the start and stop 
bits, and checks parity in the async mode. 

In async mode, receiving does not begin (the start bit is 
not detected) until one effective stop bit (high level) is 
input to the RxDATA pin and Receive Enable (RxEN = 
1) is set after setting up the mode. 

Modem Control 

This block controls the C TS, RTS, D SR, and DTR 
modem interface pins. The RTS, DSR, and DTR pins 
can also be used as general-purpose I/O pins. 



Absolute Maximum Ratings 

T A = +25°C 




Power supply voltage, Vnn 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.3 V 


Output voltage, Vq 


-0.5toV DD +.0.3V 


Operating temperature, Tqpt 


-40°Cto+85°C 


Storage temperature, Tstg 


-65°Cto+150°C 


Power dissipation, PD^ax 


LOW 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

T A = +25°C, V DD = 0V 







Symbol A 


Limits 




Test 


Parameter 


lin Max Unit 


Conditions 


Input capacitance 


C| 


10 pF 


fc 
Ui 
re 


= 1MHz 
fimeasured pins 


I/O capacitance 




C|0 


20 pF 


turned to V 


DC Characteristics 

T A = -40 °C to +85 °C, V DD =+5V± 10% 




Symbol 




Limits 


Unit 




Parameter 


Min 


Typ Max 


Test Conditions 


Input voltage 
high 


V|H 


2.2 


Vdd+0.3 


V 




Input voltage 
low 


V|L 


-0.5 


0.8 


V 




Output voltage 
high 


V0H 


0.7 x V DD 




V 


lOH = -400 /uA 


Output voltage 
low 


Vol 




0.4 


V 


IrjL = 2.5 mA 


Input leakage 
current high 


'lih 




10 


//A 


V| = V 0D 


Input leakage 
current low 


Jul 




-10 


A/A 


V| = V 


Output leakage 
current high 


'loh 




10 


//A 


v = v DD 


Output leakage 
current low 


Ilol 




-10 


/<A 


v = ov 


Supply current 
A.PD71051 


•ddi 




10 


mA 


Normal mode 




>DD2 




50 100 


/"A 


Stand-by mode 


/yPD71051-10 


Iqdi 




10 


mA 


Normal mode 




IDD2 




2 50 


//A 


Stand-by mode 
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AC Characteristics 

T A = -40°C to +85°C, V DD = 5 V ±10% 




Symbol 


1 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


Read Cycle 


Address setup to RD 1 


l SAR 












ns 


CS, C/D 


Address hold from RD t 


*HRA 












ns 


CS, C/TJ 


RD low level width 


l RRL 


150 




95 




ns 




Data delay from RD 1 


l DRD 




120 




85 


ns 


C L = 150 pF 


Data float from RD t 


tFRD 


10 


80 


10 


65 


ns 




Port (DSR, CTS) set-up to~RD i 


tSPR 


20 




20 




tfJYK 




Write Cycle 


Address setup to WR 1 


l SAW 












ns 


CS, C/D 


Address hold from WR t 


l HWA 












ns 


CS, C/D 


WR low level width 


t W WL 


150 




95 




ns 




Data setup to WR t 


tSDW 


80 




80 




ns 




Data hold from WR t 


l HWD 












tfJYK 




Port (DTR, RTS), delay from WR t 


*DWP 




8 




8 


l CYK 




Write recovery time 


l RV 


6 




6 




tfJYK 


Mode initialize 






8 




8 




tfJYK 


Async mode 






16 




16 




*CYK 


Sync mode 


Serial Transfer Timing 


CLK cycle time 


tfJYK 


125 


DC 


100 


DC 


ns 




CLK high level width 


l KKH 


50 




35 




ns 




CLK low level width 


tKKL 


35 




25 




ns 




CLK rise time 


t«R 


5 


20 


5 


20 


ns 




CLK fall time 


tKF 


5 


20 


5 


20 


ns 




TxDATA delay from TxCLK 


tDTKTD 




0.5 




0.5 


/US 




Transmitter input clock pulse 


l TKTKL 


12 




12 




tCYK 


1xBR (Note 1) 


width low level 


1 . 




1 




tfJYK 


16x, 64xBR 


Transmitter input clock pulse 


{ TKTKH 


15 




15 




tfJYK 


1xBR 


width high level 


3 




3 




tfJYK 


16x, 64xBR 


Transmitter input clock 


tTK 

(Note 2) 


DC 


240 


DC 


300 


kHZ 


1xBR 


frequency 


DC 


1536 


DC 


1920 


kHz 


16xBR 




DC 


1536 


DC 


1920 


kHz 


64xBR 


Receiver input clock pulse 


tRKRKL 


12 




12 




l CYK 


1xBR 


width low level 




1 




1 




{ CYK 


16x, 64xBR 


Receiver input clock pulse 


tRKRKH 


15 




15 




l CYK 


1xBR 


width high level 




3 




3 




l CYK 


16x, 64xBR 
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AC Characteristics (cont) 




Symbol 




B MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


Serial Transfer Timing (cont) 


Receiver input clock frequency 


toy 
(Note 2) 


DC 


240 


DC 


300 


kHz 


1xBR 




DC 


1536 


DC 


1920 


kHz 


16xBR 




DC 


1536 


DC 


1920 


kHz 


64xBR 


RxDATA set-up to Sampling pulse 


tSRDSP 


1 




1 




JUS 




RxDATA hold from sampling 
pulse 


tHSPRD 


1 




1 




fJS 




TxEMP delay time (TxDATA) 


tuTXEP 




20 




20 


tCYK 




TxRDY delay time (TxRDYt) 


l DTXR 




8 




8 


tfJYK 




TxRDY delay time (TxRDYl) 


tDWTXR 




200 




100 


ns 




RxRDY delay time (RxRDYt) 


*DRXR 




26 




26 


tCYK 




RxRDY delay time (RxRDYl) 


tDRRXR 




200 




100 


ns 




SYNC output delay time 
(for internal sync) 


tDRKSY 




26 




26 


l CYK 




SYNC input set-up time 
(for external sync) 


tsSYRK 


18 




18 




tCYK 




RESET pulse width 




6 




6 




tCYK 





Notes: 

(1) BR = Baud rate 

(2) 1xBR:f TK orf RK <1/30t CLKi 16x,64xBR:f TK orf RK <1/4.5t CLK 

(3) System CLK is needed during reset operation 

(4) Status update can have a maximum delay of 28 tcYK from the 
event effecting the status. 

Timing Waveforms 

Write Data Cycle 



Read Data Cycle 



± 



\ 



3C 



r 



\r ,wwL ~l/ 



^ 



x 



j»— »DWP— *\ 



DC 



\. 



C/D 




—5* 


X 






>SAR 




tHRA 




cs 




\ 


/ 




ISf 


B H 


vl j, 




T 


RD 










I <DRD 




<FRD 




D7-D0 




1 > 


l .. :n 


^ 




T3 


, 




DSR, CTS 


: 1 



f 



"V 
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Timing Waveforms (cont) 

Transmitter Clock and TxDATA 



TxCLK [1 x BR) 



\ 



k'dtktd-^J 



f 



\. 



L 



^ 



*DTKTD-»| 

X 



TxCLK [16 x BR] 



16TxCLK 
Cycle 



•tktkl ,'tktkh 



M 



X 



(♦••dtktd-J 

IZZXl 



Receiver Clock and RxDATA Timing 



RxCLK [1 x BR] 



Internal 

Sampling 

Pulse 



/ 



"\ 



J 



1 



— *Jt K 



"\ 



\ 



AY 



Z 



RxCLK [16 x BR] 



.16 RxCLK . 
Cycle 



"A 




£ 



AC Test Input 



Write Recovery Time 



2.4 V 
0.45 V 



ZDC 



3d 



Main Clock 



\ r 

r 



v 



U- -»| U- U-1kkh-J U-Ikkl-» 

J — N f — \—J 
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Connecting the/;PD71051 to the System 

The CPU uses the //PD71051 as an I/O device by 
allocating two I/O addresses, set by the value of C/D. 
One I/O address is allocated when the level of C/D is 
low and becomes a port to the transmit and receive 
data register. The other I/O address is allocated when 
C/D is high and becomes a port to the mode, command, 
and status registers. Generally, the least significant bit 
(Ao) of the CPU address bus is connected to C/D to get 
a continuous I/O address. This is shown in figure 2. 

Pins TxRDY and RxRDY are connected to the CPU or, 
when interrupts are used, to the interrupt pin of the 
interrupt controller. 

Operating the ywPD71 051 

Start with a hardware reset (set the RESET pin high) 
after powering on the //PD71051. This puts the 
J/PD71051 into standby mode and it waits for a mode 
byte. In async mode, the £fPD71051 is ready for a 
command byte after the mode byte; the mode byte sets 
the communication protocol to the async mode. In 
sync mode, the //PD71051 waits for one or two SYNC 
characters to be sent after the mode byte; set C/D = 1 . 
A command byte may be sent after the SYNC characters 
are written. Figure 3 shows this operation sequence. 

In both modes, it is possible to write transmit data, read 
receive data, read status, and write more command 
bytes after the first command byte is written. The 
JUPD71051 performs a reset, enters standby mode, and 
returns to a state where it waits for a mode byte when 
the command byte performs a software reset. 

Figure 2. System Connection 



Figure 3. fiPD71051 Operating Procedure 
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Decoder 


-N 


,uPD71051 

D7-D0 

C/D 
CS 
RD 
WR 




















1 











































( Power-On \ 



Hardware Reset 



Write Mode Byte 









^ Sync Mode? ^ 




]Yes 




No 


^^Double^v^ 
^ Sync ^> 
^^Charadei^*^ 








|Yes 












Write 




Write 




Sync Ch 


aracter 1 




Sync Character 1 








Write 








Sync Character 2 


























Write 










Command Byte 






Write/Read Data 



Write 
Command Byte 




Note: 

[1] This is done with C/D = 0. Others are operated with C/D = 1. 
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Mode Register 

When the //PD71051 is in standby mode, writing a 
mode byte to it will release standby mode. Figure 4 
shows the mode byte format for designating async 
mode. Figure 5 shows the mode byte format for 
designating sync mode. Bits and 1 must be 00 to 
designate sync mode. Async mode is designated by all 
other combinations of bits and 1 . 

The P1 , P0 and L1 , L0 bits are common to both modes. 
Bits P1 and P0 (parity) control the generation and 
checking (sending and receiving) functions. These 
parity bit functions do not operate when P0 = 0. When 
P1 , P0 = 01 , the //PD71051 generates and checks odd 
parity. When P1 , P0 = 1 1 , it generates and checks even 
parity. 

Bits L1 and L0 set the number of bits per character (n). 
Additional bits such as parity bits are not included in 
this number. Given n bits, thejt/PD71051 receives the 
lower n bits of the 8-bit data written by the CPU. The 
upper bits (8 -n) of data that the CPU reads from the 
yuPD71051 are set to zero. 

The ST1 , STO and B1 , BO bits are used in async mode. 
The ST1 and STO 'bits determine the number of stop 
bits added by the//PD71051 during transmission. 

The B1 and BO bits determine the relationship between 
the ba ud rate s for sendin g and receiving, and the 
clocks TxCLK and RxCLK. B1 and BO select a multi- 
plication rate of 1, 16, or 64 for the frequency of the 
sending and receiving clock relative to the baud rate. 
Multiplication by 1 is not normally used in async mode. 
Note that the data and clock must be synchronized on 
the sending and receiving sides when multiplication by 
1 is used. 

The SSC and EXSYNC bits are used in sync mode. The 
SSC bit determines the number of SYNC characters. 
SSC = 1 designates one SYNC character. SSC = 
designates two SYNC characters. The number of 
SYNC characters determined by the SSC bit are 
written to theywPD71051 immediately after writing the 
mode byte. 

The EXSYNC bit determines whether sync detection 
during receiving operations is internal or external. 
EXSYNC = 1 selects external sync detection and 
EXSYNC = selects internal sync detection. 



Figure 4. Mode Byte for Setting Asynchronous Mode 



C/D = 1 

7 6 


5 4 


3 2 


1 










|ST1|ST0 

L_l 


P1 | P0 

I I 


u|lo 


B1 | BO | 
















B1 


BO 


Baud Rate 









1 


x 1 Clock 


1 





x 16 Clock 


1 


1 


x 64 Clock 










L1 


L0 


Character Length 


















5-bit 





1 


6-bit 


1 





7-bit 


1 


1 


8-bit 










P1 


P0 


Parity Generate/Check 














X 





No Parity 





1 


Odd Parity 


1 


1 


Even Parity 










ST1 


STO 


Transmit Stop Bits 






















Use Illegal 





1 


1-bit 


1 





1-1/2 bit 


1 


1 


2-bit 














x: don't care 
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Figure 5. 


Mode byte for Setting Synchronous Mode 


C/B = 1 

7 6 5 4 3 2 10 




|ssc|exsync|pi| po | u | lo | o | o 








^ 


f 






L1 


L0 


Character Length 












5-bit 





1 


6-bit 


1 





7-bit 


1 


1 


8-bit 










P1 


P0 


Parity Generate/Check 










X 





No Parity 





1 


Odd Parity 


1 


1 


Even Parity 










EXSYNC 


Sync Detect 













Internally [Output] 


1 


Externally [Input] 










SSC 


Sync Characters 













2 [BSC] 


1 


1 










x: don't care 

83-00C 
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Command Register 

Commands are issued to the/>(PD71051 by the CPU by 
command bytes that control the sending and receiving 
operations of the //PD71051 . A command byte is sent 
after the mode byte (in sync mode, a command byte 
may only be sent after writing SYNC characters) and 
the CPU must set C/D = 1. Figure 6 shows the 
command byte format. 

Bit EH is set to 1 when entering hunt phase to 
synchronize in sync mode. Bit RxEN should also be set 
to 1 at that time. Data reception begins when SYNC 
characters are detected and synchronization is 
achieved, thus releasing hunt phase. 

When bit SRES is set to 1 , a software reset is executed, 
and the£iPD71051 goes into standby mode and waits 
for a mode byte. 

Bit RTS controls the RTS output pin. RTS is low when 
the RTS bit = 1 , and goes high when RTS = 0. 

Setting bit ECL to 1 clears the error flags (PE, OVE, and 
FE) in the status register. Set ECL to 1 when entering 
the hunt phase or enabling the receiver. 

Bit SBRK sends a break. When SBRK = 1, the data 
currently being sent is destroyed and the TxDATA pin 
goes low. Set SBRK = to release a break. Break also 
works when TxEN = (send disable). 

Bit RxEN enables and disables the receiver. RxEN = 1 
enables the receiver and RxEN = disables the 
receiver. Synchronization is lost if RxEN = during 
sync mode. 

Bit DTR controls the DTR output pin. DTR goes low 
when the DTR bit = 1 and goes high when the DTR 

bit = 0. 

The TxEN bit enables and disables the transmitter. 
TxEN = 1 enables the transmitter and TxEN = 
disables the transmitter. When TxEN = 0, sending 
stops and the TxDATA pin goes high (mark status) 
after all the currently written data is sent. 

Status Register 

The CPU can read the status of the//PD71051 at any 
time except when the //PD71051 isjn standby mode. 
Status can be read after setting C/D = 1 and RD = 0. 
Status is not updated while being read. Status updating 
is delayed at least 28 clock periods after an event that 
affects the status. Figure 7 shows the format of the 
status register. 



The TxEMP and RxRDY bits have the same meaning as 
the pins of the same name. The SYNC/BRK bit generally 
has the same meaning as the SYNC/BRK pin. In 
external synchronization mode, the status of this bit 
does not always coincide with the pin. In this case, the 
SYNC pin becomes an input and the status bit goes to 1 
when a rising edge is detected at the input. The status 
bit remains at 1 until it is read, even when the input level 
at the SYNC pin goes low. The status bit becomes 1 
when a SYNC character is input with the RxDATA 
input, even when the pin is at a low level. 

The DSR bit shows the status of the DSR input pin. The 
status bit is 1 when the DSR pin is low. 

The FE bit (framing error) becomes 1 when less than 
one stop bit is detected at the end of each data block 
during asynchronous receiving. Figure 8 shows how a 
framing error can happen. 

Figure 6. Command Byte Format 



| EH | SRES |RTS)ECL| SBRK | RxEN |dTr| TxEN | 



TxEN 


Transmit Enable 





Disable 


1 


Enable 



DTR Pin Control 



Receive Enable 



TxDATA Pin 
Normal Operation 



TxDATA = 



Error Clear 



No Operation 



Error Flag Clear 



RTS Pin Control 



Software Reset 



Reset Operation 



EH[1] 



Enter Hunt Phase 



No Operation 



Enter Hunt Phase 



[1] The EH bit is effective only in SYNC mode. 
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The OVE bit (overrun error) becomes 1 when the CPU 
delays reading the received data and two new data 
bytes have been received. In this case, the first data 
byte received is overwritten and lost in the receive data 
buffer. Figure 9 shows how an overrun can happen. 

The PE bit (parity error) becomes 1 when a parity error 
occurs in a receive state. 

Figure 7. Status Register Format 



FE |ove|pe |txEMp[ RxR DY | TxR DY [ 



Same as the Output Pin 
Function with the Same Name 



TxRDY 


Trasmit Data 
Buffer State 





Full 


1 


Empty 



Overrun Error 



Framing Error 



DSR Input 
Pin State 



Framing, overrun, and parity errors do not disable the 
yuPD71 051 's operations. All three error flags are cleared 
to by a command byte that sets the ECL bit to 1 . 

The TxRDY bit becomes 1 when the transmit data 
buffer is empty. The TxRDY output pin becomes 1 
when the transmit data buffer is empty, the CTS pin is 
low, and TxEN = 1 . That is, bitTxRDY = Transmit Data 
Buffer Empty, pin TxRDY = (Transmit Data Buffer 
Empty).(CTS = 0).(TxEN = 1). 

Figure 8. Framing Error 



1 Character = 5-bit, No Parity, 1 Stop Bit 
[1J In the break state: 

mi 



Enter the Break State 



t 
Start 



t \ 
Stop Start 



H- 



Set because a stop bit 
should be here. 



[2] A large frequency difference between RxCLK and TxCLK: 



Sampling 
Pulse , 



I I J | j I i_— Stop bit 



This pulse sampl es the s top bit. Because of 
the freq uency of RxCLK is lower than that of 
TxCLK the start bit is sampled too late 
in time. 



[3] When data is changed during transmission; [Using less 
reliable transmission circuit, etc.] 

—•TTTUir^j-^rLrv 



Stop Start 



"U 



^irun 

Bit Change 



I I . I l ^ l I 

Bit Bit Change 
Change 



Figure 9. Overrun Error 
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1 
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1 

1 

1 
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Sending in Asynchronous Mode 

The TxDATA pin is typically in the high state (marking) 
when data is not being sent. When the CPU writes 
transmit data to the/yPD71051, the a<PD71051 transfers 
the transmit data from the transmit data buffer to the 
send buffer and sends the data from the TxDATA pin 
after adding one start bit (low level) and a programmed 
stop bit. If parity is used, a parity bit is inserted between 
the character and the stop bit. Figure 10 shows the data 
format for async mode characters. Serial data is sent 
by the falling edge of the signal that divided TxCLK 
(1/1, 1/16, or 1/64). 



When bit SBRK is set to 1 , the TxDATA pin goes low 
(break status), regardless of whether data is being 
sent. Figure 11 is a fragment of a typical program to 
send data in the async mode. Figure 12 shows the 
output from pin TxDATA. 

Figure 10. Asynchronous Mode Data Format 



No Parity 



Start 
Mark I Bit 



Do 



Start 
Mark I Bit 



Data Bits 
Do Di D„. 



D n -i D n 

T*l 1 I U 1 -- 

S, °P I 

^ ' ' Bit[s] ' 



1*T 

- L e- L 



Data Bits 



| | Stop 

-T^TBitts]' 



n = 4, 5, 6, 7 

Stop Bit = 1 bit, 1.5 bit, 2 bit 



Figure 11. Asynchronous Transmitter Example 



ASYNTX : 


CALL 


ASYNMOD 


;Set async mode 




MOV 


AL, 0001 0001 B 


;Command: clear error flag, transmit enable 




OUT 


PCTRL.AL 






MOV 


BW, OFFSET TXDADR 


;Transmit data area 


TXSTART : 


IN 


AL, PCTRL 






TEST1 


AL, 


;Read status 




BNE 


TXSTART 


;Wait until TxRDY = 1 




MOV 


AL, [BW] 


;Write transmit data 




OUT 


PDATA, AL 






INC 


BW 


;Set next data address 




CMP 


AL, 00H 






BNE 


TXSTART 


;End if data = 




RET 






TXDADR 


DB 


'NEC 


;Transmit data 4EH, 45H, 43H, 00 




DB 







ASYNMOD : 


MOV 


AL, 


;Writes control bytes three times 




OUT 


PCTRL, AL 


;with 00H to unconditionally 




OUT 


PCTRL, AL 


.accept the new command byte 




OUT 


PCTRL, AL 






MOV 


AL, 01000000B 


;Software reset 




OUT 


PCTRL, AL 






MOV 


AL, 11111010B 


;Write mode byte 




OUT 


PCTRL, AL 


;Stop bit = 2 bits, even parity 




RET 




;7 bits/character, x16 clock 



Figure 12. TxDATA Pin Output 
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Receiving in Asynchronous Mode 

The RxDATA pin is normally in the high state when 
data is not being received, as shown in figure 13. The 
yuPD71051 detects the falling edge of a low level signal 
when a low level signal enters it. 

The//PD71051 samples the level of the RxDATA input 
(only when x16 or x64 clock is selected) in a position 
1/2 bit time after the falling edge of the RxDATA input 
to check whether this low level is a valid start bit. It is 
considered a valid start bit if a low level is detected at 
that time. If a low level is not detected, it is not regarded 
as a start bit and the//PD71051 continues testing for a 
valid start bit. 

When a start bit is detected, the sampling points of the 
data bits, parity bit (when used), and stop bit are 
decided by a bit coun ter. The sampling is performed by 
the rising edge of the RxCLK when an X1 clock is used. 
When a x16 or x6 4 clock is used, it is sampled at the 
nominal middle of RxCLK. 

Figure 13. Start Bit Detection 



RxDATA [1] 
RxDATA [2] 

Bit Boundary 



V! 



Sampling 



MT7 



[1] Start bit is not recognized because R x Data is high at the sampling time. 
[2] Start is recognized because R x Data is low at the sampling time. 

83-000791/! 



Data for one character entering the receive buffer is 
transferred to the receive data buffer and causes 
RxRDY = 1, requesting that the CPU read the data. 
When the CPU reads the data, RxRDY becomes 0. 

When a valid stop bit is detected, thejuPD71051 waits 
for the start bit of the next data. If a low level is detected 
in the stop bit, a framing error flag is set; however, the 
receiving operation continues as if the correct high 
level had been detected. A parity error flag is set if a 
parity error is detected. An overrun error flag is set 
when the CPU does not read the data in time, and the 
next receiving data is transferred to the receive data 
buffer, overwriting the unread data. The /yPD71051's 
sending and receiving operations are not affected by 
these errors. 

If a low level is input to the RxDATA pin for more than 
two data blocks during a receive operation, the 
yuPD71 051 considers it a break state and the SYNC/BRK 
pin status becomes 1. 

In async mode, the start bit is not detected until a high 
level of more than one bit is input to the RxDATA pin 
and the receiver is enabled. Figure 14 is a fragment of a 
typical program to receive the data sent in the previous 
async transmit example. 



Figure 14. Asynchronous Receiver Example 



ASYNRX : 


CALL 


ASYNMOD 


;Set ASYNC mode 




MOV 


AL,00010100B 


.Command: clear error flag, receive 
;enable 




OUT 


PCTRL.AL 






MOV 


BW, OFFSET RXDADR 


;Data store area 


RXSTART : 


IN 


AL, PCTRL 






TEST1 


AL, 1 


;Read status 




BNE 


RXSTART 


;Wait until RxRDY = 1 




IN 


AL, PDATA 


;Read and store the receive data 




MOV 


[BW], AL 






INC 


BW 


;Set next store address 




CMP 


AL, 00H 


;Endifdata = 




BNE 


RXSTART 






RET 






RXDADR 


DB 


256 DUP 


;Reserve receive data area 
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Sending in Synchronous Mode 

Following the establishment of sync mode and the 
enabling of the transmitter, the TxDATA pin stays high 
until the CPU writes the first character (normally, 
SYNC characters). When data is written, the TxD ATA 
pin s ends one bit for each falling edge of TxCLK if the 
CTS pin is low. Unlike async mode, start and stop bits 
are not used. However, a parity bit may be set. Figure 
15 shows these data formats. 

Once sending begins, the CPU mus t write d ata to the 
//PD71051 at the same rate as that of TxCLK. IfTxEMP 
goes to 1 because of a delay in writing by the CPU, the 
//PD71051 sends SYNC characters until the CPU writes 
data. TxEMP goes to when data is written, and the 
data is sent as soon as transmission of SYNC characters 
stops. 



Figure 15. Synchronous Mode Data Format 



Character Data without Parity 



I D. I »1 I ! 1 


D„-1 


I * I 








,| 




Character Data with Parity 








i d ° i ° 1 r ;; i 


D n -1 


I °» I 


Parity | 



- One Character with Parity - 



Figure 16. 


Synchronous Mode Transmit Timing 














TxDATA 

TxRDY 

[Pin] 

TxEMP 
WR 


No. of Sync characters = 2 [BSC] 
CTS = 






/UPD71051 Transmits 
Automatically 








Mark I Data 


| Data 1 | 


Data 2 I 


Data 3 | Data 4 | SYNC | 


SYNC 


| Data 5 


| Data 6 | 




SYNCCh 


1 SYNCChr2 

n i 






Chr1 


Chr2 


n i 




U I 


u 


~u 


I 


"" ' I 






I 


_| |_ 


r 




Data Data 1 


Data 2 


Data 3 


Data 4 


Data 5 




Data 6 


Command 
TxEN = 


u u 


u 


u 


U 


u 




u 


u 
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Figure 1 7. Issuing a Command During SYNC Character 
Transmission 



No. of Sync Characters = 1 

Data By the 71051 


By the 71 051 


By the CPU 


TxDATA I | Sync 


| 


Sync 


| Sync 


Character 




Character 


Character 


TxRDY _| 




| 


| 


TxEMP f 




| 


[2] 


[4] 

LT~ 

[3] 


WR [J 

[1] 
SB U 

Note: 

[1 ] Confirm the automatic trasmission of the SYNC 
character by the TxEMP status. 

[2] Write SYNC character data. 

[3] Confirm the beginning of SYNC character trasmission 
by the CPU by reading the status. 

[4] Write command word. 


u 

83-000794A 
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Automatic transmission of SYNC characters begins 
after the CPU sends new data. SYNC characters are 
not automatically sent by enabling the transmitter. 
Figure 16 shows these timing sequences. 

If a command is sent to the /UPD71051 while SYNC 
characters are automatically being sent and TxEMP = 
1, theyuPD71051 may interpret the command as a data 



byte and transmit it as data. If a command must be sent 
under these conditions, the CPU should send a SYNC 
character to the //PD71051 and send the command 
while the SYNC character is being transmitted. This is 
shown in figure 17. 

Figure 1 8 is a fragment of a typical program for sending 
in sync mode. 



Figure 18. 


Synchronous Transmitter Example 




SYNTX : 


CALL 


SYNMOD 


;Set sync mode 




MOV 


AL, 0001 0001 B 


;Command; clear error 




OUT 


PCTRL, AL 


;flags, transmit enable 




MOV 


BW, OFFSET TXDADR 


;Start location of data area TxDADR 




MOV 


CL, LDLEN 


;Set number of bytes (LDLEN) to be transmitted 




MOV 


CH, 00H 




TXLEN : 


IN 


AL, PCTRL 


;Transmit the length byte 




TEST1 


AL, 






BZ 


TXLEN 






MOV 


AL, LDLEN 






OUT 


PDATA, AL 




TXDATA : 


IN 


AL, PCTRL 






TEST1 


AL, 






BZ 


TXDATA 


;Transmit the number of 




MOV 


AL, (BW) 


;bytes specified by LDLEN 




OUT 


PDATA, AL 






INC 


BW 






DBNZ 


TXDATA 






MOV 


AL, 00010000B 


;Command; clear error 




OUT 


PCTRL, AL 


;flags, transmit disable 




RET 






SYNC1 


DB 


? 


;SYNC character 1 


SYNC2 


DB 


? 


;SYNC character 2 


LDLEN 


DB 


? 


transmit data count 


TXDADR 


DB 


255 DUP (?) 


transmit data 


SYNMOD 


MOV 


AL, 00H 






OUT 


PCTRL, AL 


;Write control bytes 




OUT 


PCTRL, AL 


;three times with 00H to 




OUT 


PCTRL, AL 


;unconditionally accept the new 
;command byte 




MOV 


AL, 01000000B 


; Software reset 




OUT 


PCTRL, AL 






MOV 


AL, 00111100B 


;Write mode byte: 2 SYNC 




OUT 


PCTRL, AL 


;characters, internal sync detect, 
;even parity, 8 bits/character 




MOV 


AL, SYNC1 






OUT 


PCTRL, AL 


;Write SYNC characters 




MOV 


AL, SYNC2 






OUT 


PCTRL, AL 






RET 
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Receiving in Synchronous Mode 

In order to receive in sync mode, synchronization must 
be established with the sending side. The first command 
after setting sync mode and writing the SYNC character 
must be EH = 1, ECL = 1,and RxEN = 1. When hunt 
phase is entered all the bits in the receive buffer are set 
to 1. In internal synchronization, data on the RxDATA 
pin is in put to the receive buffer for each rising edge of 
RxCLK and is compared with the SYNC character at 
the same time. Figure 19 shows this internal sync 
detection. 

When the receive buffer and the SYNC character 
coincide, and parity is not used, the^PD71051 ends 
hunt phase and SYNC is set to 1 in the center of the last 
SYNC bit. When parity is used, SYNC becomes 1 in the 
center of the parity bit. Receiving starts with the bit 
which follows the bit when SYNC is set to 1. 

In external sync detection, synchronization is achieved 
by setting the SYNC pin high fr om an external circuit 
for at least one period of RxCLK. Hunt phase ends, and 
data reception can start. At this time, the SYNC status 

Figure 19. Internal Sync Detection Example 



bit becomes 1, and goes to when the status is read. 
The SYNC status bit is set to 1 when the SYNC input 
has a rising ed ge follow ed by a high level of more than 
one period of RxCLK, even after synchronization is 
achieved. 

The£(PD71051 can regain lost synchronization anytime 
by issuing an enter hunt phase command. 

After synchronization, the SYNC character is compared 
with each character regardless of whether internal or 
external synchronization is used. When the characters 
coincide, SYNC becomes 1, indicating that a SYNC 
character has been received. SYNC (SYNC status bit 
only in external detection) becomes when the status 
is read. 

Overrun and parity errors are checked the same way as 
in async mode, affecting only the status flag. Parity 
checking is not performed in the hunt phase. Figure 20 
is a fragment of a typical program that receives the data 
sent by the previous sync tr ansmit program example. 
Not e that th e frequencies of TxCLK on the transmitter 
and RxCLK on the receiver must be the same. 



5-bit Character, No Parity, 2 Sync Characters 

Sync Character 1 = 01100B, Sync Character 2 = 11001B 

Sync Character 1 Sync Character 2 

LSB MSB LSB MSB All bits are set to 1 by 

I o ! o : 1 i 1 ! o ; x i x i x I | 1 \ o ,' o ; 1 i 1 : x ! x i x I / eh - 1. 






CPU Operation © © © © 

SYNC Receive Butter \ RxDATA Input 


Command EH=1 ° [ x ! x ] x L x L x i x | x 'i X i x ] x 


XjX;XJx|x|xjxix| \ 1 


- Mark 

- Sync Character 1 

- Sync Character 2 
Data 

83-000795B 


rxen=i o [~1~[ t I - -i T~ i~T v] i~[ iT i~! 1 | 1 


1 j 1 ! 1 I 1 ! 1 i 1 j 1 | 1 f*~J 1 


tUL=1 ° | i : i ! 1 ! 1 i 1 i 1 j 1 i 1 i 1 | 1 


1 j 1 j 1 j 1 j 1 | 1 | 1 ; 1 |* 1 _ 


| 1 i 1 | 1 I 1 j 1 j 1 | 1 | 1 j 1 | 1 


1 I 1 j 1 ! ] 1 j 1 | 1 ; 1 \* 


| 1 j 1 j 1 j 1 j 1 ]' 1 j 1 j 1 j 1 | 1 


1 I 1 j o | | 1 j 1 ; 1 ; 1. |« 


[ 1 ; 1 j 1 ; 1 | 1 | 1 | 1 j 1 j 1 | 1 


1 j ; ; 1 j 1 j. 1 j 1 j 1 f« 1 


p [ ' 1~[ 1~] 1 j 1 I 1. j 1 j 1 j 1 ; 1~f 1 -1 


| j 1 ; 1 I 1 ; 1 i 1 | 1 \+ 1 






| 1 j 1 ! 1 ; 1 | 1 j 1 j 1 | 1 ; 1 | 


j 1 j 1 ; | 1 j 1 | 1 j 1 \+ 






( 1 | 1 | 1 j 1 . j | lT"lTl~f 1~[ "^ 


1 I 1 j j 1 j 1 j 1 j 1 j. 1 \* 1 


| 1 | 1 j 1 j j j 1 ]' 1 j 1 j 1 | 1 


1 ! j 1 | | 1 ; 1 I 1 | 1 [« 






| 1 j 1 ; j j 1 j 1 ; 1 ; 1 -j 1 | 1 


j 1 | I I 1 | 1 ; 1 ; 1 |* 






■ ° I 1 ! ° ! ° i 1 i 1 i 1 i 1 i 1 i 1 I ° 


1 | | j 1 j 1 j 1 j 1 ; j 1 |* 1 


Read Status 1 | j j 1 j 1 j j 1. j 1 j 1 j 1 | 1 


j | 1 j 1 j 1 j 1 j 1 j 1 \* 1 






^+■0 | o j 1 | 1 j o j 1 | 1 | 1 ; 1 | 1 | o 


j 1 \ 1 j ; 1 j 1 I 1 I 1 \*^ 




/ © © (b © ^ 

Cleared by Status Read 

X: don't care 

Note: 

Since the character is 5 bits, part 1 of the sync character register [lower 
five bits] is valid and part 2 doesn't matter. Similarly, in the receive 
buffer, part 3 is valid and part 4 is not used. SYNC = 1 when part 1=3. 
With parity, the LSB of part 4 is the parity bit, but it is not compared with 
the SYNC character. 
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Figure 20. Synchronous Receiver Example 



SYNRX : 


CALL 


SYNMOD 


;Set sync mode 




MOV 


AL, 10010100B 


-.Command: enter hunt 




OUT 


PCTRL, AL 


;phase, clear error flags, receive enable 




MOV 


BW, OFFSET RXDADR 


;Set receive data store address 


RXLEN : 


IN 


AL, PCTRL 






TEST1 


AL, 1 






BZ 


RXLEN 


;Receive the number of 




IN 


AL, DATA 


.receive data 




MOV 


STLEN, AL 


;Set the number of 




MOV 


CL, AL 


.receive data to both variable and 
;counter 




MOV 


CH, 00H 




RXDATA : 


IN 


AL, PCTRL 






TEST1 


AL, 1 






BZ 


RXDATA 


.Receive and store the 




IN 


AL, PDATA 


;number of data bytes 




MOV 


[BW],AL 


;stated by the counter 




INC 


BW 






DBNZ 


RXDATA 






MOV 


AL, O000000OB 


;Command: receive disable 




OUT 


PCTRL, AL 






RET 






STLEN 


DB 


? 


;Set number of receiver data 


RXDADR 


DB 


256 DUP (0) 


; Reserve receive data area 



Standby Mode 

The//PD71051 is a low-power CMOS device. In standby 
mode, it disables the ext ernal i nput clo cks to the inside 
circuitry (CLK, TxCLK, and RxCLK), thereby con- 
suming less power. 

A hardware reset is one way to enter standby mode. 
The input of a high level to the RESET pin causes the 
yuPD71 051 to enter standby mode at the falling edge of 
the high level. A software reset command is the other 
way to enter standby mode. The only way to take the 
/jPD71 051 out of standby mode is to write a mode byte. 

In standby mode, the TxRDY, TxEMP, RxRDY , and 
SYNC/BRK pins are at low level and the TxDATA, DTS, 
and RTS pins are at high level. 

Figure 21 shows the timing for standby mode. While 
the internal standby signal is high, the external clocks 
to the;wPD71 051 are ignored. If data (C/D = 0) is written 
to the//PD71051 in standby mode, the operations are 
undefined and unpredictable operation may result. 



Figure 21. Standby Mode Timing 



Hardware Reset 

RESET 



Internal 
Standby Signal 




Software Reset 



Internal 
Standby Signal 




Software Reset 
Command 
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Programmable Timer/Counter 



Description 

The/yPD71054 is a high-performance, programmable 
counter for microcomputer system timing control. 
Three 16-bit counters, each with its own clock input, 
gate input, and OUT pin, can be clocked from dc to 
10 MHz. Under software control, theyuPD71054 can gen- 
erate accurate time delays. Initialize the counter, and 
the //PD71054 counts the delay, and interrupts the 
CPU when the task is complete. This eliminates the 
need for software timing loops. 

The /UPD71054 contains three counters capable of 
binary or BCD operation. There are six programmable 
count modes. The counters operate independently and 
each can be set to a different mode. Use address lines 
A-|, A to select a counter and perform a read/write 
operation. 

Features 

□ Three independent 16-bit counters 

□ Six programmable counter modes 

□ Binary or BCD count 

□ Multiple latch command 

□ Clock rate: dc (standby mode) to 10 MHz 

□ Low-power standby mode 

□ CMOS technology 

□ Single power supply, 5 V ±10% 

□ Industrial temperature range —40 to +85 °C 

□ 8 MHz and 10 MHz 

Ordering Information 



Part Number 


Package Type 


A/PD71054C-8 
C-10 


24-pin plastic DIP 


G-8 


44-pin plastic QFP (P44G-80-22) 


GB-8 


44-pin plastic QFP (P44GB-80-3B4) 


GB-10 




L-8 


28-pin PLCC 


L-10 





Pin Configurations 

24-Pin Plastic DIP 



D 7 I 

D 6 C 2 

D 5 C 3 

D([4 

D 3 C 5 

D2C 6 

D, C 7 

D C 8 

CLK0 C 9 

OUT0 C 10 

GATE0 C 11 

GND C 12 



D V DD 
3 Wr 

3 RD 
3 CS 

H a, 
J A 
D CLK2 
3 OUT2 
3 GATE2 
3 CLK1 
3 GATE1 
3 OUT1 



44-Pin Plastic QFP 



NC I I I 




NC I I | 




NC I I I 




Df I I I 




Do I I I 




NC I I I 




Di I I I 




D I I I 




CLK0 I I I 




OUT0 I I I 




NC I I I 



yM4 



o 

z 




c 




Q 




Q 




Q 




O 

z 




c 

> 




DC 

s 




o 

z 




o 

z 




o 

z 



NC 

3 RD 

CS 

IA1 

Ao 
NC 



CLK2 
I OUT2 

GATE2 
ICLK1 
3 NC 



2Zz ^j=o = l ;!zzz 
< « - o < 



[1 j Do not connect any signal with pin 17. 
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Pin Configurations (cont) 

28-Pin PLCC (Plastic Leaded Chip Carrier) 



CM £ Ul 

* t b 
z lo < < o o o 






n n n n n n n 








O «*n M r O A 
.« N « « N « r 




RD C 


26 18 


3 CLK1 




WR C 


27 17 


3 GATE1 




Vdd C 


28 16 


3 OUT1 




NC C 


1 O /UPD71054 15 


H NC 




D7 C 


2 14 


3 GND 




D6 C 


3 13 


H GATEO 




D 5 C 


4 12 

O T- 

W(Dh-COCfti-i- 


3 OUTO 






u u u u u u u 




^* CO CM T- O O O 

Q Q Q Q O ¥ Z 




O 
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Pin Identification 



Symbol 


Function 


D 7 -D 


Three-state, bidirectional data bus 


CLKn 


Counter n clock output (n = 0-2) 


OUTn 


Counter n output (n = 0-2) 


GATEn 


Output to inhibit or trigger counter n (n = 0-2) 


GND 


Ground 


IC 


Internally connected 


A0-A1 


Select counter input 0, 1 , or 2 


CS 


Chip select 


RD 


Read strobe 


WR 


Write strobe 


Vdd 


+5V 


NC 


Not connected 



Pin Functions 

D7-D0 [Data Bus] 

These pins are an 8-bit three-state bidirectional data 
bus. This bus is used to program counter modes and to 
read status and count values. The data bus is active 
when CS = 0, and is high impedance when CS = 1. 

CLKn [Counter Clock, n = 0-2] 

These pins are the clock input that determine the count 
rate for counter n. The clock rate may be DC (standby 
mode) to 8 MHz. 

OUTn [Counter Output, n = 0-2] 

These are the output pins for counter n. A variety of 
outputs is available depending on the count mode. 
When the ^PD71054 is used as an interrupt source, 
these pins can output an interrupt request signal. 

GATEn [Counter Gate, n = 0-2] 

These output pins inhibit or trigger counter n according 
to the mode selected. 

A-|, Ao [Address] 

These input pins select the counter. A-|, Ao equal to 00, 
01, or 10 selects counter 0, 1, or 2, respectively. The 
control register is selected when A-i, Ao equals 11. 
These pins are normally connected to the address bus. 

CS [Chip Select] 

When the CS input = 1,a[l the bits of the data bus 
become high impedance. CS must be lowto access the 
//PD71054. 

RD [Read Strobe] 

The RD input must be low to read data from the 
A(PD71054. 

WR [Write Strobe] 

The WR input must be low to write data to the 
/iPD71054. The contents of the data bus are written to 
the juPD71054 at the rising edge of WR. 

V DD [Power] 

+5V. 

GND [Ground] 

Ground. 
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Block Diagram 



D7-D0 



OO 



Data Bus 
Buffer 

[8] 



RD *0 

WR »-0 

Ao 

A1 



00 



Read/Write 
Controller 



Control 
Register 



r~" 



~~i 



c 



} 



]High 
[8] I— K 

,l HBO 

I Low — V 



\ High 

I Low 

[8] 



Down 
Counter 

[16] 



Control 
Logic 



Status 
Latch [8] 



<j!I 



Status 
Register [8] 



c 



TT 



CLKO 

- GATEO 

OUTO 



I I 



$ 



-CLK1 
• GATE1 



-CLK2 
■ GATE2 



Note: 

The internal architecture of counters #1 and #2 is the same as counter #0. 



Block Functions 

Data Bus Buffer 

This is an 8-bit three-state bidirectional buffer that acts 
as an interface between the //PD71054 and the system 
data bus. The data bus buffer handles control com- 
mands, the count to be written to the count register, 
count data read from the count latch, and status data 
read from the status latch. 

Read/Write Control 

This circuit decodes signals from the system bus and 
sends control signals to other blocks of theyuPD71054. 
A-| and Ao select one of the counters or the control 
register. A low signal on RD or WR selects a read or 
write operation. CS must be low to enable these 
operations. 

Control Register 

This is an 8-bit register into which is written the control 
command that determines the operating mode of the 
counter. Data is written to this register when the CPU 



executes an OUT command when A-|, Ao = 11. The 
contents of this register cannot be read if the CPU 
executes an IN command when A-|, A = 11. However, 
the multiple latch command allows you to read the 
mode and status of each counter. 

Counter n [n = 0-2] 

A 16-bit synchronous down counter performs the 
actual count operation within the counter. You can 
preset this counter and select binary or BCD operation. 

The count register is a 16-bit register that stores the 
count when it is first written to the counter. The count is 
transferred to the down counter and a count operation 
for a specified number of counts begins. 

The 8-bit width of the internal data bus permits the 
transfer of only eight bits at a time when the count is 
written to the count register. However, when data is 
written from the count register to the down counter, all 
1 6 bits can be written at once. When the count is written 
to the count register while the counter is in read/write 
one byte mode, a 00H is written to the remaining byte of 
the register. 
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The count latch normally holds the current value of the 
down counter. If the contents of the down counter 
change, the contents of the count latch also change so 
that the two values are the same. When the /uPD71054 
receives a count latch command, the count latch 
latches the value of the down counter and holds it until 
the CPU can read it. When the data is read, the count 
latch returns to tracking the value of the down counter. 

When the mode specified is written to the counter, the 
lower six bits of the control register are copied to the 
lower six bits of the 8-bit status register. The remaining 
two bits show the status of the OUT pin and the null 
count flag. When the multiple latch command is sent to 
the counter, the current value of the status register is 
latched into the status latch. This data is held in the 
latch until the CPU can read it. 

The control logic controls each internal block according 
to the mode and the state of the CLK and GATE pins. 
The result is output to and sets the state of the OUT pin. 

Absolute Maximum Ratings 

T A = +25°C 



DC Characteristics 

T A = -40°C to +85°C, V DD = +5 V ±10% 



Power supply voltage, Vrjn 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to Von + 0.3 V 


Output voltage, Vrj 


-0.5 to V Du + 0.3 V 


Operating temperature, Tnpj 


-40°Cto85°C 


Storage temperature, Tstg 


-65°Cto+150°C 


Power dissipation, PD^ax 


LOW 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 



T A = +25°C,V DD = 


= 0V 










Symbol 


Limits 


Unit 




Parameter 


Min Max 


Test Conditions 


Input capacitance 


C|N 


10 .- 


PF 


fc=1MHz 


I/O capacitance 


C l/0 


20 


PF 


Unmeasured pins 
returned to V 





Symbol 




Limits 




Unit 




Parameter 


Min 


Typ 


Max 


Test Conditions 


Input voltage 
high 


VlH 


2.2 


Vrjo + 0.3 


V 




Input voltage 
low 


VlL 


-0.5 




0.8 


V 




Output voltage 
high 


VOH 


0.7 
XV D D 






V 


Ioh = -400 /uA 


Output voltage 
low 


Vol 






0.4 


V 


Iol = 2.5 mA 


Input leakage 
current high 


•lih 






10 


/"A 


V| = V DD 


Input leakage 
current low 


Ilil 






-10 


fik 


V| = V 


Output leakage 
current high 


•loh 






10 


nk 


V = V DD 


Output leakage 
current low 


l L0L 






-10 


M 


Vn = 0V 


Supply current 
A/PD71054 


■ddi 






30 


mA 


Normal 




'DD2 




2 


50 


//A 


Stand-by mode 


A/PD71054-10 


■ddi 




10 


20 


mA 


Normal 




'DD2 




2 


50 


//A 


Stand-by mode 
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AC Characteristics 

T A = -40°C to +85 °C, V DD = 5 V +10% 




Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


Read Cycle 


Address set-up to RD 1 


tSAR 


30 




20 




ns 




Address hold from RD t 


tHRA 


10 









ns 




CS set-up to RD 1 


tSCR 












ns 




RD low level width 


l RRL 


150 




95 




ns 




Data delay from RD 1 


*DRD 




120 




85 


ns 


C L = 150 pF 


Data float from RD t 


l FRD 


10 


85 


10 


65 


ns 


C L = 20 pF; R L = 2 kfi 


Data delay from address 


f DAD 




220 




185 


ns 


C L = 150 pF 


Read recovery time 


*RV 


200 




165 




ns 




Write Cycle 


Address set-up to WR i 


l SAW 












ns 




Address hold from WR t 


l HWA 












ns 




CS set-up to WRl 


tscw 












ns 




WR low level width 


twWL 


160 




95 




ns 




Data set-up to WR t 


tSDW 


120 




95 




ns 




Data hold from WR t 


tHWD 












ns 




Write recovery time 


tRV 


200 




165 




ns 




CLK and Gate Timing 


CLK cycle time 


tCYK 


125 


DC 


100 


DC 


ns 




CLK high level width 


*KKH 


60 




30 




ns 




CLK low level width 


*KKL 


60 




45 




ns 




CLK rise time 


*KR 




25 




25 


ns 




CLK fall time 


tKF 




25 




25 


ns 




GATE high level width 


l GGH 


50 




50 




ns 




GATE low level width 


tGGL 


50 




50 




ns 




GATE set-up to CLK t 


tSGK 


50 




40 




ns 




GATE hold from CLK t 


l HKG 


50 




50 




ns 




Clock delay from WR t 


*DWK 


100 




40 




ns 


tKKH ^ 125 ns 


(count transfer) 




225 - tKKH 




40 




ns 


tKKH ^ 125 ns 


Clock set-up to WRt (latch) 


l SKW 


85 




60 




ns 




GATE delay from WR t 


*DWG 












ns 




OUT delay from GATE 1 


*DGO 




120 




100 


ns 


C L = 150 pF 


OUT delay from CLK i 


l 0K0 




150 




100 


ns 


C L = 150 pF 


OUT delay from WR t (initial out) 


l DWO 




295 




240 


ns 


C L = 150 pF 



Notes: 

(1) AC timing test points for output V h = 2.2 V, V 0L = 0.8 V 



//PD71054 



NEC 



Timing Waveforms 
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CLK and GATE Timing 



Ikr tDWK Ikkh 

nrpi 
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[1] The last 1 byte of count number writing. 

[2] Count latch command or multiple latch command. 
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Functional Description 

//PD71054 System Configuration Example 

The CPU views the three counters and the control 
register as four I/O ports. Ai and Ao are connected to 
the A 1 and Aq pins of the system address bus. CS is 
generated by_decoding the address and IO/MEM 
signals so that CS goes low when the address bus is set 
to the target I/O address and I/O is selected. These 
connections are shown in figure 1. 

You can use the //PD71054 in memory-mapped I/O 
configurations. However, the decoding should be such 
that CS goes low when memory is selected. 

Programming and Reading the Counter 

The counter must be programmed and the operating 
mode specified before you can use the //PD71054. 
Once a mode has been selected for a counter, it 
operates in that mode until another mode is set. The 
count is written to the count register and when that 
data is transferred to the down counter, a new count 
operation begins. The current count and status can be 
read while the counter is in operation. Figure 2 outlines 
the steps of operation. 

Programming the Counter 

ThejuPD71054 is controlled by a microcomputer program. 
The program must write a control command to set the 
counter mode and write the count data that determines 
the length of the count operation. Table 1 shows the 
values for Ai and Ao that determine the target counter 
for write operations. 



Bits RMW1 and RMW2 specify the read/write operation 
to the counter or select the count latch command. 

Bits CM2, CM1 , and CMO set the counter mode (0 to 5). 

Bit BCD selects binary or BCD operation. The count 
may be to FFFFH in binary mode or to 9999 in BCD. 

If a control command written to the counter specifies a 
mode, the lower six bits of the control command are 
copied to the lower six bits of the status register of the 
counter selected by SC1 and SCO. The mode selected 
remains in effect until a new mode is set. This is not true 
if the control command specifies the count latch or 
multiple latch command. 

Writing the Count 

The count is written to the counter after the mode is set. 
Set A-|, A to specify the target counter as shown in 
table 1 . A new count can be written to a counter at any 
time, but the read/write mode selected (when the mode 
was written) must be used when writing the count. 

I n high 1 -byte and low 1 -byte modes only, the higher or 
lower byte of the count register is written by the first 
write. The write operation ends and 00H is automatically 
written to the remaining byte ,by the //PD71 054. In the 
2-byte modes, the lower byte is written by the first write 
and the higher byte by the second. 

For example, if the 2-byte count 8801 H is written to a 
counter set in lower 1-byte mode, the lower byte (01 H) 
is written first, followed by the higher byte (88H). 
Therefore, the data written to the count register is 
0001 H for the first write and 0088H for the second. This 
is shown in Table 2. 



Table 1. Write Operations (CS = 0, RD = 1, WR = 0) Table 2. Read/Write Mode and Count Write 



Ai 


Ao 


Write Target 








Counter 





1 


Counter 1 


1 





Counter 2 


1 


1 


Control word register 



Read/Write Mode 


No. of 
Writes 


Count Register 
Higher Byte Lower Byte 


Low 1-byte 


1 


00H 


nnH 


High 1-byte 


1 


nnH 


00H 


Low/High 2-byte 


2 


nnH 
(2nd write) 


nnH 
(1st write) 



Control and Mode Setting 

The control command must be written to set the 
counter mode before operating the counter. If a write 
operation is performed when A-p, Ao = 11, a control 
command is written to the control register. Figure 3 
shows the format of the 8-bit control command. 

Bits SC1 and SCO specify a counter or the multiple 
latch command. When a counter is chosen, the spec- 
ifications described below apply to the counter. 



nnH = Two-digit hexadecimal value 

Reading the Counter 

The following three methods allow you to read the 
contents of the down counter during operation. In 
particular, the multiple latch command reads the 
current count data and the counter mode or the state of 
the OUT pin. Table 3 shows the values of A-| , A used to 
select the counter to be read. 
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Figure 1. Typical System Configuration 
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Figure 2. 


Basic Operating Procedure 
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Figure 3. Control Register Format 



D7 D 6 D 5 D 4 D3 D 2 D1 Do 

SC1 | SCO |RWM1|RWM0| CM2 I CM1 | CMO | BCD | 

' ' — *■ 



Note: 

[1] CS = 0, RD = 0, WR = 1 

[2] See: Reading the Counter 



BCD 


Binary or BCD 





Binary Count [16 Bits] 


1 


BCD Count [4 Digits] 




CM2 


CM1 


CMO 


Count Mode[1] 











ModeO 








1 


Model 


X 


1 





Mode 2 


X 


1 


1 


Mode 3 


1 








Mode 4 


1 





1 


Mode 5 




RWM1 


RWMO 


Read/Write Mode 








Count Latch Command [2] 





1 


Lower Byte Only 


1 





Higher Byte Only 


1 


1 


Lower Byte then Higher 




SC1 


SCO 


Select Counter or Multiple 
Latch Command 








Counter # 





1 


Counter # 1 


1 





Counter # 2 


1 


1 


Multiple Latch Command[2] 
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Table 3. 


Read Operations (CS = 


= 0,RD = 0, WR = 


= 1) 


Al 


Ao 


Read Target 










Counter 







1 


Counter 1 




1 





Counter 2 





Directly Reading the Counter 

You can read the current value of the counter by 
reading the counter selected by A-|, An as shown in 
table 3. This involves reading the count latch; since the 
value of the down counter may change while the the 
count latch is read, this method may not provide an 
accurate reading. You must control the CLK or GATE 
input to stop the counter and read it for a correct 
reading. 

Using the Count Latch Command 

When the count latch command is executed, the 
current counter value is latched into the counter latch. 
This value is held by the latch until it is read or until a 
new mode is set. This provides an accurate reading of 
the counter value when the command is executed 
without affecting counter operation. Figure 4 shows 
the format for the count latch command. 

If the counter value that was latched into the count 
latch is not read before a second count latch command 
is executed, the second command is ignored. This is 
because the counter value latched by the first command 
is held until it is read or until a new mode is set. When 
the data in the count latch is read, the latch is released 
and continues tracking the value of the down counter. 

Using the Multiple Latch Command 

When the multiple latch command is received, the 
counter value and status register for any counter may 
be selectively latched into the count latch and status 
latch. Bits D1-D5 of the multiple latch command specify 
the counter latching. The CPU can then read the status 
and counter value for the selected counter. Figure 5 
shows the format for this command. 

Bits CNT2, CNT1 , and CNTO correspond to counters 2, 
1, and 0. The command is executed for all counters 
whose corresponding bit is 1. This allows the data for 
more than one counter to be latched by a single count 
latch command. 

When the count bit is 0, the counter value of the 
selected counters is latched into the count latches. 



When the status bit is 0, the status of the selected 
counters is latched into the status latches. Bits D5-D0 
of the status register show the mode status of the 
counter. The output bit (D 7 ) shows the state of the OUT 
pin of that counter. These bits are shown in figure 6. 
The null count bit (Dq) indicates whether the count 
data is valid. When the count is transferred from the 
count register to the down counter, this bit changes to 
to show that the data is valid. Table 4 shows how the 
null count flag operates. 

Table 4. Null Count Flag Operation 



Operation 



Null Count Flag 



Write control word for mode set 



1 



Write count to count register(1) 



Transfer count from count register to down counter 

Note: 

(1) When 2-byte mode is selected, the flag becomes 1 when the 
second byte is written. 

Figure 4. Control Register Format for Count Latch 
Command 



D 7 D 6 D 5 D4 D3 D 2 D1 D 

SC1 | SCO | | | | | | | 



SC1 


SCO 


Latch Target 








Counter # 





1 


Counter # 1 


1 





Counter # 2 


1 


1 


Multiple Latch Command 



When bits SC1 and SCO are 11, the command is not the count 
latch command; it is the multiple latch command. 



Figure 5. 



Control Register Format for Multiple Latch 
Command 



D7 D 6 D 5 D« D3 D 2 D-i Do 






| 1 | 1 |count|status|cnt2|cnti|cnto| 



























Counter # Not Selected 










Counter # Selected 












Counter # 1 Not Selected 










Counter # 1 Selected 













Counter # 2 Not Selected 










Counter # 2 Selected 












Latch Status 










Do Not Latch Status 













Latch Count 










Do Not Latch Count 
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If the data that was latched is not read before a second 
multiple latch command is executed, the second command 
is ignored for those latches whose contents have not 
been read. This is because the data latched by the first 
command is held until it is read or until a new mode is 
set. When the data in the latch is read, the latch is 
released. See figure 7. 

It is possible to latch both the count and status using 
two multiple latch commands. However, regardless of 
which data is latched first, the status is always read 
first. The count data is read by the next read operation 
(1 - or 2-step read as determined by read/write mode). If 
additional read commands are received, the count data 
that has not been latched (the contents of the down 
counter as reflected by the current counter value) is 
read. 

Read operations must be performed in accordance 
with read/write mode. In 2-byte mode, two bytes of 
data must always be read. This does not imply that the 
second byte must be read immediately after the first; 
other counter operations may be performed between 
the two reads. For example, you could read the lower 
byte, write a new lower byte, read the higher byte, and 
write a new higher byte. 

Definitions 

CLK pulse refers to the time from the rising to the 
falling edge of the CLKn input. 

Trigger refers to the rising edge of the GATEn input. 

The GATEn input is sampled at each rising edge of the 
CLKn input. The GATE input can be level or rising edge 
sensitive. In the latter case, counter n's internal flip-flop 
is set at the rising edge of the GATE signal, sensed at 
the rising edge of the next CLK pulse, and reset 
immediately/This allows edge^triggering to be sensed 
whenever it occurs. 



Figure 6. 


Status Data 
















D 7 


De D 5 D 4 D 3 D 2 Di Do 






Output 


Null . 
Count 


RWM1 


RWMO 


CM2 


CM1 


CMO 


BCD 














I I I I I I 




















These bits show the mode 
setting of the counter. Each 
bit corresponds to that of the 
control register. 



















Count Data Valid 








1 


Count Data Invalid 








' 





OUT Pin Low 










1 


OUT Pin High 
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Initial OUT refers to the stateof the OUT pin immediately 
after the mode is set. 

Count transfer refers to the transfer from the count 
register to the down counter. The down counter is 
decremented at the falling edge of the CLK pulse. 

Count zero is the state of the down counter when the 
counter is decrementedto zero. . 

PCNTO, PCNT1, and PCNT2 are the I/O ports for 
counters 0, 1 , and 2, respectively. PCTRL is the I/O port 
for the control command. 

CW is the control command. 

HB is the higher byte of the count. 

LB is the lower byte of the count. 

In the timing charts for each counter mode, counter is 
in the read/write 1-byte and binary count mode. When 
no GATE signal appears in the charts, assume a high 
level signal. The value shown below the OUT signal is 
the counter value. The maximum value that can be set 
for the count in each mode is 0. When this value is set, a 
maximum value of 10000H (hexadecimal count) or 
10000 (BCD count) is obtained. 

Figure 7. Multiple Latch Command Execution 
Example 
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Counter Modes 

Mode 0: Interrupt on End of Count. In this mode, the 
OUT output changes from low to high level when the 
end of the specified count is reached. See table 5 and 
figure 8. 



Table 5. 


Mode Operation 


Function 


Result 


Initial OUT 


Low level 


GATE High 


Count enable 


GATE Low 


Count disable 


Count Write 


The OUT pin goes low independent of the CLK pulse. 
In 2-byte mode, the count is disabled when the first 
byte is written. The OUT pin goes low. OUT goes low 
when a new mode or new count is written. 



Count When the count is written with GATE high: 

Transfer Transfer is performed at the first CLK pulse after the 

and count value is written. The down counter is decre- 

Operation mented beginning at the first CLK pulse after data 

transfer. If a count of n is set, the OUT pin goes high 
after n + 1 CLK pulses. 
When the count is written with GATE low: 
Transfer is performed at the first CLK pulse after the 
count is written. The down counter is decremented 
beginning at the first CLK pulse after the GATE 
signal goes high. If a count of n is set, OUT is low for 
a period of n CLK pulses after GATE goes high. 



Count Zero 



Minimum Count 



The signal at the OUT pin goes high. The count 
operation does not stop and counts down to FFFFH 
(hexadecimal) or 9999 (BCD) and continues to count 

down. 

_ 



Mode Program Example. This subroutine causes a 
delay of 10004 (decimal, or 2710H) CLK pulses. In this 
program, counter 2 is set to 2-byte mode and binary 
count. See figure 9. 



SUBRO: 


MOV 


AL.10110000B 


;set mode: counter 2, 
;2-byte mode, 




OUT 


PCTRL.AL 


;count mode 0, binary 




MOV 


AL.10H 






OUT 


PCNT2.AL 






MOV 


AL.27H 


;write count 10000 (decimal) 




OUT 


PCNT2.AL 






RET 







Mode 1 : GATE Retriggerable One-Shot. I n mode 1 , the 
A<PD71054 functions as a retriggerable one-shot. A 
low-level pulse triggered by the GATE input is output 
from the OUT pin. See table 6 and figure 10. 

Table 6. Mode 1 Operation 



Function 



Result 



Initial OUT 



High level 



GATE Trigger(1) Count data is transferred at the CLK pulse after the 
trigger. 



Count Write 

Count 

Transfer and 
Operation 



The count is written without affecting the current 
operation. 

Transfer is performed at the first CLK pulse after the 
trigger. At the same time, the signal at the OUT pin goes 
low to start the one-shot pulse operation. The count is 
decremented beginning at the next CLK pulse. If a count 
of n is set, the one-shot output from the OUT pin 
continues for n CLK pulses. 

Count Zero The signal at the OUT pin becomes high. Count oper- 
ation does not stop and wraps to FFFFH (hexadecimal) 
or 9999 (BCD) and continues to count. 

Minimum Count 1 

Note: 

(1) The trigger is ignored when the count has not been written after 
the mode is set, or when only one byte of the count has been 
written in 2-byte count mode. 
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Figure 8. Mode Timing Chart 
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Figure 9. Mode Program Example Timing Chart 
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Figure 10. Mode 1 Timing Chart 
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Mode 1 Program Example. This subroutine waits until 
no trigger is generated for an interval of 200 or more 
CLK pulses after the first gate trigger and returns to the 
main program. Counter 1 is set to low-byte read/write 
mode and binary count. See figure 11. 



SUBR1: 


MOV 


AL.01010010B 


;set mode: counter 1, low-byte 




OUT 


PCTRL.AL 


;read/write mode, count mode 1, 




MOV 


AL.200 


;binary 




OUT 


PCNT1.AL 


;write low byte of count 


FSTTRG: 


MOV 


AL,11100100B 


;multiple latch command: 
;counter 1, 




OUT 


PCNT1.AL 


.status 




IN 


AL.PCNT1 






TEST1 


AL,7 


;wait for first trigger 




BNZ 


FSTTRG 




WAIT: 


MOV 


AL,11100100B 


;multiple latch command: 
;counter 1, 




OUT 


PCTRL.AL 


;status 




IN 


AL.PCNT1 






TEST1 


AL,7 


;wait until output goes high 




BZ 


WAIT 






RET 







Mode 2: Rate Generator. In mode 2, the signal from the 
OUT pin cyclically goes low for one clock period when 
the counter reaches 0001 H. The counter operates as a 
frequency divider. See table 7 and figure 12. 

Figure 1 1. Mode 1 Program Example Timing Chart 



Table 7. 


Mode 2 Operation 


Function 


Result 


Initial OUT 


High level 


GATE High 


Count enable 


GATE Low 


Count disabled. If GATE goes low when OUT is low, OUT 
will go high (independent of the CLK pulse). 


GATE 
Trigger(l) 


Transfer is performed at the first CLK pulse after the 
trigger. 


Count Write 


Count is written without affecting the current 
operation. 



Count 

Transfer and 
Operation 



Transfer is performed at the CLK pulse after the count 
is written following the mode setting. The counter is 
then decremented. Transfer is again performed at the 
first CLK pulse after the count becomes 1. When the 
trigger is used, transfer is performed at the next CLK 
pulse. When the contents of the down counter becomes 
1 , OUT goes low for one CLK pulse and returns to high. If 
a count of n is set, OUT repeats this sequence every n 
CLK pulses. 

Count Zero Never occurs in this mode. 

Minimum 2 
Count 

Note: 

(1) The trigger is ignored when the count has not been written or 
when only one byte of the count has been written in 2-byte mode. 



Number of CLK Pulses 



n n n 



JL 



Subroutine Start 



Return to Main Program 



Figure 12. Mode 2 Operation Timing Chart 
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Mode 2 Program Example. This subroutine generates 
an interrupt to the CPU each time 10000 (decimal) 
clock pulses elapse. Counter is in 2-byte mode and 
binary counting. See figure 13. 



Table 8. Mode 3 Operation 



SUBR3: 



MOV AL.00110100B 

OUT PCTRL.AL 

MOV AL.10H 

OUT PCNTO.AL 

MOV AL.27H 

OUT PCNTO.AL 
RET 



;mode setting: counter 0, 2-byte 
;mode, count mode 2, binary 



.write count 10000 (decimal) 



Mode 3: Square Wave Generator. Mode 3 is a frequency 
divider similar to mode 2, but with a different duty 
cycle. See table 8 and figure 14. 



Function 


Result 


Initial OUT 


High level 


GATE High 


Count enable ■ - 


GATE Low 


Count disable. If GATE goes low when OUT is low, 
OUT will go high (independent of the CLK pulse). 


GATETrigger(l) 


Transfer is performed at the first CLK pulse after the 
trigger. 


Count Write 


Current operation is not. affected. The count is 
transferred at the end of the half-period of the 
current square wave and the OUT pin goes high. 



Count 
Transfer 
and Operation 



Figure 13. Mode 2 Configuration 
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Count Zero 



Count data is transferred at the first CLK pulse after 
the count write following the mode setting. Transfer 
is performed at the end of the current half-cycle and 
the OUT pin is inverted. Transfer is also performed 
at the CLK pulse after the trigger. The operation 
performed depends on whether count n is even or 
odd. When n is even, the count is decremented by 
two on each following clock pulse. At the end of the 
count of two, the count is again transferred and the 
OUT pin is inverted. This is taken as a half-cycle and 
repeated. When n is odd, n - 1 is transferred and 
the count is decremented by two on each follow- 
ing clock pulse. The half-cycle when the OUT pin 
is high continues until the end of count and 
n - 1 is transferred again at the next CLK pulse. 
The half-cycle while OUT is low continues until 
the end of count 2. Thus, the half-cycle while 
OUT is high is one CLK longer than the half- 
cycle while OUT is low. 

Occurs only when the count is odd. 



Minimum Count 



Note: 

(1) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte of count has been written in 
2-byte mode. 



Figure 14. Mode 3 Timing Chart 



CLKO J J J 
























83-000815B 
















WR \ LB = 4 f~ 
























GATEO 










0004H 


0002H 






L_ 


I 








OUTO 
Count Value n 


n-1 


| 0004H 


0002H 


I 

I 


I 

I 


0004H | 


L_J 

0002H J 0004H 


0004H 


0004H 


WR \ LB=5 | 












0004H 


I 










OUTO 
Count Value n 


n-1 


| 0004H 


0002H 


I 


I 

OOOOH 


I 

0002H 


0004H I 0002H 


I 
OOOOH 


0004H 



14 



SEC 



//PD71054 



Mode 3 Program Example. This subroutine divides the 
input CLK frequency (5.0688 MHz) by 264 to get a 
19,200 Hz clock. Counter 2 is in 2-byte binary mode. 
See figure 15. 



SUBR4: MOV AL,10110110B ;mode setting: counter 2, 2-byte 



OUT 


PCTRL.AL 


;mode, count mode 3, binary 


MOV 


AL.08H 




OUT 


PCNT2.AL 




MOV 


A.01H 


;264 frequency division 


OUT 


PCNT2.AL 




RET 







Figure 15. Frequency Division 
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Mode 4: Software-Triggered Strobe. In mode 4, when 
the specified count is reached, OUT goes low for one 
CLK pulse. See table 9 and figure 16. 



Table 9. 


Mode 4 Operation 


Function 


Result 


Initial OUT 


High level 


GATE High 


Count enable 


GATE Low 


Count disable 


Count Write 


Count is transferred at the next CLK pulse when the 
count is written. In 2-byte mode, data is transferred 
after the second byte is written. 



Count Count is transferred at the first CLK following the 

Transfer count write. If GATE is high, the down counter begins 

and to decrement from the next CLK. If GATE is low, 

Operation decrement begins at the first CLK after GATE goes 

high. 

Count Zero OUT is low for one CLK pulse and returns to high. The 

down counter wraps to FFFFH (hexadecimal) or 9999 
(BCD) without stopping counter operation. 

Minimum Count 1 . 



Figure 16. 


Mode 4 Timing Chart 
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Mode 5 Timing Chart 
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Mode 5: Hardware-Triggered Strobe [Retriggerable]. 

Mode 5 is similar to mode 4 except that operation is 
triggered by the GATE input and can be retriggered. 
See table 10 and figure 17. 

Table 10. Mode 5 Operation 



Function 


Result 


Initial OUT 


High level 


GATETrigger(l) 


The count is transferred at the CLK pulse after the 
trigger. The GATE has no effect on the OUT signal. 


Count Write 


The count is written without affecting the current 
operation. 


Count 
Transler 
and 
Operation 


Count is transferred at the first CLK pulse after a 
trigger, providing that the mode and count have 
been written. Decrement begins from the first CLK 
pulse after a data transfer. If a count of n is set, OUT 
goes low for n + 1 CLK pulses after the trigger. 


Count Zero 


OUT is low for one CLK and goes high again. The 
down counter counts to FFFFH (hexadecimal) or 
9999 (BCD) without stopping the counter operation. 


Minimum Count 1 



Note: 

(1 ) The trigger is ignored when the count has not been written after 
the mode is set or when only one byte has been written in 2-byte 
mode. 



Mode 5 Program Example. Use mode 5 to add a 
fail-safe function to an interface. For example , the 
receiving equipment requests data by issuing a REQ 
signal to the sending equipment. The sending equip- 
ment respo nds by outputting data to the data bus and 
returning a SEND signal to the receiving equipment. In 
this type of system, if a malfunc tion exists in the 
sending equipment and no SEND signal is se nt, the 
receiving equipment waits indefinitely for the SEND 
signal and system operation stops. The f ollowing 
subroutine remedies this situation. If no SEND signal is 
output within a giv en p eriod (50 CLK cycles in this 
example) after the REQ signal is output, the system 
a ssum es the sending equipment is malfunctioning and 
a FAIL signal is sent to the receiving equipment. 



SUBR5: MOV AL.00011010B ;mode setting: counter 0, low 

;1-byte 
OUT PCTRL.AL ;mode, count mode 5, binary 

MOV AL.50 ;set interval: 50 CLK pulses 

OUT PCNTO.AL 
RET 



Figure 18. Interface Fail-safe Example 
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//PD71055 
Parallel Interface Unit 



Description 

The yuPD71055 is a low-power CMOS programmable 
parallel interface unit for use in microcomputer systems. 
Typically, the unit's three I/O ports interface peripheral 
devices to the system bus. 

Features 

□ Three 8-bit I/O ports 

□ Three programmable operation modes 

□ Bit manipulation command 
D Microcomputer compatible 

□ CMOS technology 

□ Single +5 V ±10% power supply 

D Industrial temperature range: —40 to +85 °C 

□ 8 MHz and 10 MHz 



44-Pln Plastic QFP 



Ordering Information 




Part Number 


Clock (MHz) 


Package 


//PD71055C-8 


8 


40-pin plastic DIP 


C-10 


10 




G-8 


8 


44-pin plastic QFP 
(P44G-80-22) 


GB-8 


8 


44-pin plastic QFP 


GB-10 


10 


(P44GB-80-3B4) 


L-8 


8 


44-pin PLCC 


L-10 


10 





o § S S S S 

DC Q. Q. 0. 0. 0. 


c 

0. 


a. o. IS 


o 

z 



NCI 1 1 




CSI 1 1 




<1ND 1 1 1 




& 1 I I I 




An I I I 




P2 7 I I I 




P2# I I I 




P2^ I I I 




P2 4 I I I 




P2n I I I 




P2-II I I 
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J RESET 



3D1 
3 D2 
3 D3 
3 D 4 
HD5 
3 D6 

Hvdd 






44-P/n Plastic Leaded Chip Carrier (PLCC) 



Pin Configurations 

40-Pln Plastic DIP 



C3 



PO3C 
P0 2 C 
PO1 

po C 

rdC 

csC 

gndC 

A1C 
AoC 

P2 7 

P2 6 C 

P2 5 C 

P2 4 

P2 

P2ld 

P2 2 

P2 3 C 

P10 

P11C 

P12 



C10 



C13 
C14 



C16 



C18 



C20 



40 DPO4 
39 3 PO5 
38 3 P06 
37 3 PO7 
36 DWR 
35 3 RESET 
34 UDo 
33 HDi 
32 3 D 2 
31 HD3 
30 3D4 
29DD 5 
28 3D 6 
27 3D7 
26DV DD 
25 HPI7 
24 DP16 
23DP15 
22DP14 
21 3P13 
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3 Pis 


PO5C 


43 25 
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NC C 


1 O //PD71055 23 


3 NC 


PO3C 


2 22 
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PO2C 


3 21 
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4 20 
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Pin Identification 



Symbol 


Function 


CS 


Chip select input 


GND 


Ground 


Ai.Ao 


Address inputs 1 and 


PO7-PO0 


I/O port 0, bits 7-0 


PI7-PI0 


I/O port 1, bits 7-0 


P2 7 -P2 


I/O port 2, bits 7-0 


IC 


Internally connected 


VDD 


+5V 


D7-D0 


I/O data bus 


RESET 


Reset input 


WR 


Write strobe input 


RD 


Read strobe input 


NC 


No connection 



Pin Functions 

D7-D0 [Data Bus] 

D7-D0 make up an 8-bit, three-state, bidirectional 
data bus. The bus is connected to the system data 
bus. It is used to send commands to the //PD71055 
and to send data to and from the //PD71055. 

CS [Chip Select] 

The CS input is used to select the £<PD71055. When 
CS = 0, the //PD71 055 is selected and the states of the 
D7-Do£ins are determined by the RD and WR inputs. 
When CS = 1 , the/uPD71 055 is not selected and its data 
bus is high-impedance. 

RD [Read Strobe] 

The RD input is set low when data is being read from 
the //PD71 055 data bus. 

WR [Write Strobe] 

The WR input should be set low when data is to be 
written to the yuPD71055 data bus. The contents of 
the data bus are written to the//PD71055 at the rising 
edge (low to high) of the WR signal. 

A-i, Ao [Address] 

The A1 and Aq inputs are used in combination with 
the RD and WR signals to select one of the three 
ports or the command register. A1 and A are usually 
connected to the lower two bits of the system 
address bus (table 1). 



WR [Write Strobe] 

The WR input should be set low when data is to be 
written to the yuPD71055 data bus. The contents of 
the data bus are written to_the^PD71055 at the rising 
edge (low to high) of the WR signal. 

A1, Ao [Address] 

The A^ and Ap inputs are used in combination with 
the RD and WR signals to select one of the three 
ports or the command register. A-i and A are usually 
connected to the lower two bits of the system 
address bus (table 1). 



Table 1. 


Control Signals and Operation 




CS 


RD 


WR 


Ai 


A 


Operation 


//PD71055 
Operation 








1 








Port to data bus 


Input 








1 





1 


Port 1 to data bus 


Input 








1 


1 





Port 2 to data bus 


Input 










1 



1 

X 


1 

X 


Use prohibited - 







1 











Data bus to port 


Output 





1 








1 


Data bus to port 1 


Output 





1 





.1 





Data bus to port 2 


Output 





1 





1 


1 


Data bus to command 
register 


Output 



1 


1 

X 


1 

X 


X 
X 


X 
X 


Data bus high impedance 





RESET [Reset] 

When the RESET input is high, the//PD71055 is reset. 
The group and the group 1 ports are set to mode 
(basic I/O port mode). All port bits are cleared to zero 
and all ports are set for input. 

PO7-PO0, PVP1o, P2 7 -P2 [Ports 0, 1, 2] 

Pins PO7-PO0, PI7-PI0. and P2 7 -P2 are the port 0, 1, 
and 2 I/O pins, bits 7-0, respectively. 

IC [Internally Connected] 

Pins marked IC are used internally and must be left 
unconnected. 
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Block Diagram 
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Functional Description 

Ports 0, 1, 2 

The/uPD71055 has three 8-bit I/O ports, referred to as 
port 0, port 1, and port 2. These ports are divided into 
two groups, group and group 1 . The groups can be in 
one of three modes, mode 0, mode 1, and mode 2. 
Modes can be set independently for each group. 

When port is in mode 0, port and the four upper 
bits of port 2 belong to group 0, and port 1 and the four 
lower bits of port 2 belong to group 1. When port is 
in mode 1 or 2, port and the 5 upper bits of port 2 
belong to group and port 1 and the three lower bits of 
port 2 belong to group 1 . 

Command Register 

The host writes command words to the >uPD71055 in 
this register. These commands control group and 
group 1 . Note that the contents of this register cannot 
be read. 



Group Control and Group 1 Control 

These blocks control the operation of group and 
group 1. 

Read/Write Control 

The read/write control controls the read/write opera- 
tionsfor theports and the data bus in response to the 
RD, WR, CS, and address signals. It also handles 
RESET signals and the Ao, A-i address inputs. 

Data Bus Buffer 

The data bus buffer latches information going to or 
from the system data bus. 
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Absolute Maximum Ratings 

(T A = 25°C) 



Power supply voltage, V DD 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.3 V 


Output voltage, V 


-0.5 to V DD + 0.3 V 


Power dissipation, PD MAX 


500 mW 


Operating temperature, T opt 


-40 to +85 °C 


Storage temperature, T stg 


-65to+150°C 



Comment: These devices are not meant to be operated outside the 
limits specified above. Exposure to stresses beyond those listed in 
Absolute Maximum Ratings could cause damage. Exposure to an 
absolute maximum rating for extended periods may affect reliability. 

Capacitance 



(T A = 25°C, V DD = GND 


= 0V) 








Limits 


Units 


Test 


Parameter Symbol 


Min Typ Max 


Conditions 


Input C| 
capacitance 


10 


PF 


fc = 1 MHz 
Unmeasured 


I/O capacitance C|n 


20 


PF 


pins returned 
toOV 



DC Characteristics 

(T A = -40 to +85 °C, V DD = 5 V ±10%) 





Symbol 




Limits 


Units 




Parameter 


Min 


Typ Max 


Test Conditions 


Input voltage 
high 


VlH 


2.2 


Vrjo + 0.3 


V 




Input voltage 
low 


VlL 


-0.5 


0.8 


V 




Output voltage 
high 


V H 


0.7 V D0 




V 


Ioh = -400a<A 


Output voltage 
low 


Vol 




0.4 


V 


I l = 2.5 mA 


Darlington 
drive current 


'dar 


-1.0 


-4.0 


mA 


See test 
setup diagram 


Input leakage 
current high 


'lih 




10 


//A 


V| = V DD 


Input leakage 
current low 


"lil 




-10 


M 


V| = 0V 


Output leakage 
current high 


•loh 




10 


PA 


Vo = V DD 


Output leakage 
current low 


•lol 




-10 


/iA 


v = ov 


Supply current 
(dynamic) 
A/PD71055 


•ddi 




10 


mA 


Normal 
operation 


J/PD71055-10 


'DD1 




5 10 


mA 


Normal 
operation 



Supply current Iqd2 
(standby) 



50 M 



Inputs: RESET 
= 0.1 V, 
others = 
Vqd-0.1V 
Outputs: Open 



Test Setup for I dar Measurement 



D.U.T. 



T 
I 



750 n 
-^WV o V EXT = 1.5V 



100 pF 



For up to 8 lines chosen arbitrarily 
from ports 1 and 2 
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OBF set delay from WR I 



tDWOB 



300 



150 
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AC Characteristics 

(T A = -40 to +85 °C, V DD = 5 V ±10%) 




Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


Read Timing 


A^Aq, CS set-up to RD 1 


*SAR 












ns 




A-|,A , CS hold from RD t 


*HRA 












ns 




RD pulse width 


*RRL 


160 




150 




ns 




Data delay from RD 1 


tDRD 




120 




100 


ns 


C L = 150 pF 


Data float from RD t 


l FRD 


10 


85 


10 


60 


ns 


C L = 20 pF; R L = 2 kO 


Read recovery time 


tRV 


200 




150 




ns 




Write Timing 


A^Aq, CS set-up to WRl 


tSAW 












ns 




AlAo.CS hold from WRt 


*HWA 












ns 




WR pulse width 


t W WL 


120 




100 




ns 




Data set-up to WR t 


tSDW 


100 




100 




ns 




Data hold from WR t 


*HWD 












ns 




Write recovery time 


tRV 


200 




150 




ns 




Other Timing 


Port set-up time to RD 1 


tSPR 












ns 




Port hold time from RD t 


tHRP 












ns 




Port set-up time to STB i 


fSPS 












ns 




Port hold time from STB t 


^HSP 


150 




150 




ns 




Port delay time from WR t 


*DWP 




350 




200 


ns 


C L = 150 pF 


STB pulse width 


l SSL 


350 




100 




ns 




DAK pulse width 


l DADAL 


300 




100 




ns 




Port delay time from DAK i(mode 2) 


tDDAP 




300 




150 


ns 


CL = 150pF 


Port float time from DAK t(mode 2) 


*FDAP 


20 


250 


20 


250 


ns 


C L = 20 pF; R L = 2 kfi 



ns Cl = 150 pF 



OBF clear delay from DAK i 


toDAOB 


350 


150 


ns 


IBF set delay from STB 1 


l DSIB 


300 


150 


ns 


IBF clear delay from RD t 


l DRIB 


300 


150 


ns 


INT set delay from DAK t 


tDDAI 


350 


150 


ns 


INT clear delay from WR i 


tDWI 


450 


200 


ns 


INT set delay from STB t 


*DSI 


300 


150 


ns 



INT clear delay from RD 1 


tDRI 




400 




200 


ns 


RESET pulse width 


tRESETI 


50 




50 




fjs During right after 
power-on 




tRESET2 


500 




500 




ns During operation 
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juPD71055 Commands 

Two commands control //PD71055 operation. The 
mode select command determines the operation of 
group and group 1 ports. The bit manipulation 
command sets or resets the bits of port 2. These 
commands are executed by writing an 8-bit command 
word to the command register (A1A0 = 11). 

Mode Select 

The^PD71055 port groups have three modes. Modes 
and 1 can be specified for groups and 1 , but mode 2 
can only be specified for group 0. The bits of all ports 
are cleared when a mode is selected or when the 
//PD71055 is reset. 

Mode 0. Basic input/output port operation. 

Mode 1. Strobed input/output operation controlled by 
three or four bits of port 2 used as control/status 
signals. 

Mode 2. (Only available for group 0). Port is the 
bidirectional I/O port and the higher 5 bits of port 2 are 
used for status and control signals. 

To specify the mode, set the command word as shown 
in figure 1 and write it to the command register. 

Bit Manipulation Command 

This command (figure 2) affects only port 2. It is mainly 
used in mode 1 and mode 2 to control the port 2 bits 
which are used as control/status signals. It is also used 
to enable and disable A»PD71055-generated interrupts 
and to set and reset port 2 general input/output pins. 

For example, to set bit 2 of port 2 to 1 (P22 = 1),setthe 
command word as shown in figure 3 (05H) in the 
command register. 

Operation in Each Mode 

The operation mode for each group in the //PD71055 
can be set according to the application. Group can be 
in modes 0, 1, or 2, while group 1 is in mode or 1. 
Group 1 cannot be used in mode 2. 



The RD and WR signals that appear in the descriptions 
of each mode refer to the port in question as addressed 
by Ai and A . These signals only affect the port 
addressed by Ai and Ao. 

Where the port addressed may not be clear, or 1 is 
appended to the signal name to indicate the port. 

ModeO 

In this mode the ports of the //PD71055 are used to 
perform basic I/O operations. Each port operates with 
a buffered input and a buffered latched output. See 
figure 4. 

Depending on the control word sent to the £»PD71055 
from the system bus, ports 0, 1, and 2 can be inde- 
pendently specified for input or output. 

Input Port Operation 

While the RD signal is low, data from the port selected 
by the A-| Ao signals is put on the data bus. See figure 5. 

Output Port Operation 

When the £fPD71 055 is written to (WR = 0), the data on 
the data bus will be latched in the port selected by the 
A-|Ao signals at the rising edge of WR and output to the 
port pins (figure 6). Following the programming of 
mode 0, all outputs are at a low level. 

By reading a port which is set for output, the output 
value of the port can be obtained. 

Note: When group is in mode 1 or mode 2, only bits 
P2 2 -P2 of port 2 can be used by group 1. Bit P2 3 
belongs to group 0. 

Mode Example 

This is an example of a CPU connected to an A/D 
converter via a//PD71055 (figure 7). Here both group 
and group 1 are set to mode and port 2 is used to start 
conversion and detect the end of the conversion 
process. 

Figure 8 is a subroutine that reads the converted data 
from an A/D converter. 
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Bit Manipulation Command Example 
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Figure 4. Mode 
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Figure 5. Mode Input Timing 
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Figure 7. A/D Converter Connection Example 
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Figure 8. A/D Converter Example 



READ^A/D: 


MOV 


AL.10011000B 


//PD71055 Mode Setting: 




OUT 


CTRLPORT.AL 


Group 0, group 1 in mode 
Port & port 2 (upper) are inputs 
Port 1 & port 2 (lower) are outputs 




MOV 


AL.00000001 B 






OUT 


CTRLPORT.AL 


Conversion starts by setting P2o high 


WAIT_EOC: 


IN 


AL.PORT2 


End of conversion wait loop 




TEST1 


AL,7 


Conversion ends when P27 = 




BNZ 


WAIT_EOC 






IN 


AL.PORTO 


Read A/D converted values 




RET 







Model 

In this mode, the control and status signals control the 
I/O data. In group 0, port functions as the data port 
and the upper five bits of port 2 function as control/ 
status. In group 1, port 1 functions as the data port and 
the lower three bits of port 2 function as control/status. 

In mode 1, the bit manipulation command is used to 
write the bits of port 2. 

Group Mode 1 

When group is used in mode 1 , the upper five bits of 
port 2 become part of group 0. Of these five bits, three 
are used for control/status and the remaining two can 
be used for I/O (using the bit manipulation command). 
See figure 9. 

Group 1 Mode 1 

When group 1 is used in model, the lower three or four 
bits of port 2 become part of group 1 . Of these four bits, 
three are used for control/status. The remaining bit, 
P2 3 , can be used for I/O only if group is in mode 0. 
Otherwise, P2 3 belongs to group as a control/status 
bit. See figure 9 and table 4. 



Mode 1 Input Operation 

I n mode 1 , port is the data port for group 0, and port 1 
for group 1 . The control/status bits (port 2) are used as 
listed below. Figure 10 shows the signal timing. 

STB [Stro be]. Th e data input at port is latched in port 
when the STB0 input is bro ught lo w. The data input at 
port 1 is latched in port 1 by STB1. 

IBF [Input Buffer Full F/F]. The IBF output goes high to 
indicate that t he inp ut buffer has become full. IBF goes 
high when the STB signal goes low. IBF goes low at the 
rising edge of the RD signal when STB = 1 . 

The IBF F/F is cleared when mode 1 is programmed. 

INT [Interrupt Request]. INT goes high whe n the data 
is latched in the input port, when RIE is 1 and STB, IBF 
and r^Dareall high. INT goes low at the falling edge of 
the RD signal. It can function as a data read request 
interrupt signal to a CPU. 

INT is cleared when mode 1 is programmed. 
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Figure 9. 
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RIE [Read Interrupt Enable Flag]. RIE controls the 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1, and 
disabled by resetting it to 0. This signal is internal to the 
//PD71055 and is not an ou tput. T he state of RIE does 
not affect the function of STBO or S.TB1, which are 
inputs to the same bits (P2 4 and P2 2 ) of port 2. 

When input is specified in mode 1, the status of IBF, 
INT and RIE can be read by reading the contents of 
port 2. 



Mode 1 Output Operation 

In mode 1 output operation (figure 11), the status/ 
control bits (port 2) are used as listed below. Figure 12 
shows the signal timing. 

OBF [Output Buffer Full F/F]. OBF goes low when data 
is received by th e//PD71055 and is latched in o utput 
ports 1 or 0. OBF functions as a data re ceive flag. OBF 
goes low at the rising edge of WR whe n DAK = 1 (write 
complete). It goes high when the DAK signal goes low. 



Figure 11. 
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Figure 12. Mode 1 Output Timing 
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DAK [Data Acknowledge]. When this input is low, it 
signals the //PD71055 that output port data has been 
taken from the 71055. 

INT [Interrupt Request]. INT goes high when the 
out put da ta is taken when WIE is set to 1 and WR, OBF 
and DAK are all high. It goes low at the falling edge of 
the WR signal. INT therefore functions as a write 
request signal, indicating that new data should be 
senttothe.//PD71055. 

WIE [Write Interrupt Enable Flag]. WIE controls the 
interrupt output. Interrupts can be enabled by using 
the bit manipulation command to set this bit to 1 and 
disabled by resetting it to 0. This signal is internal to the 
/L/PD71 055 and is not an o utput . The state of Wl E does 
not affect the function of DAK addressed to the same 
bits of port 2. 

When output is specified in mode 1 , the status of OBF, 
INT and WIE can be obtained by reading the contents 
of port 2. 

Table 2 shows a summary of these signals. 



Table 2. 


Functions of Port 2 Bits In Mode 1 


Group Bit 


Data Input 


Data Output 


1 P2 


INT1 (Interrupt request) 


INT1 (Interrupt request) 


P2i 


IBF1 (Input buffer full f/f) 


0BF1 (Output buffer full f/f) 


P2 2 


STBI (Strobe input) 

RIE1 (Read interrupt 
enable flag) 


DAK1 (Data acknowledge 

input) 

WIE1 (Write interrupt 

enable flag) 


P2 3 


I/O (Note) 


I/O (Note) 


P2 3 


INTO (Interrupt request) 


INTO (Interrupt request) 


P2 4 


STBO (Strobe input) 
RIEO (Read interrupt 
enable flag) 


I/O 


P2 5 


IBFO (Input buffer 
full f/f) 


I/O 


P2 6 


I/O 


DAKO (Data acknowledge 

input) 

WIEO (Write interrupt enable 

flag) 


P2 7 


I/O 


OBFO (Output buffer full f/f) 



Note: Can be used with group 1 only when group is set to mode 0. 
In other modes, P23 belongs to group 0. 

Mode 1 Example 

This example (figure 13) demonstrates connecting 
a printer to the /iPD71055. Group is used in mode 1 
output. Group 1 can operate in mode or 1; in this 
example it is set to mode 0. 



Figure 13. 
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Figure 14. Printer Example Subroutine 



;This subrouti 


ne sends character strings to the printer 


INIT: 


MOV 


AL.10101000B 


;yuPD71055 Mode Setting: 
;Group 0: mode 1 output 
.Group 1: modeO 




OUT 


CTRLPORT,AL 






RET 






SENDPRN: 


MOV 


BW.DATA 


;Output data address 


PRNLOOP: 


MOV 


AL,[BW] 






CMP 


AL.OFFH 


;End if data = 0FFH 




BNZ 


WAIT 






RET 






WAIT: 


IN 


AL.PORT2 






TEST1 


AL,7 


;Wait until output buffer is empty 




BZ 


WAIT 






TEST1 


AL,5 


;Wait until printer can accept data 




BNZ 


WAIT 






MOV 


AL,[BW] 


;Send data to printer 




OUT 


PORTO.AL 






INC 


BW 






BR 


PRNLOOP 





Mode 2 

Mode 2 can only be used by group 0. In this mode, port 
functions as a bidirectional 8-bit data port operating 
under the control of the upper five bits of port 2 as 
control/status signals. In this mode, port combines 
the input and output operations of mode 1 . See figures 
15 and 16. 

In mode 2, the status of the follow ing signals can be 
determined by reading port 2: OBF0, IBFO, INTO, WIEO, 
and RIEO. 



at the rising edge oftheW RO signal (end of data write). 
It goes high when DAKO is low (output data from port 
received). 



The DAKO and STBO signals are used to select input or 
output for port 0. By using these signals, bidirectional 
operation between the//PD71055 and peripheral can 
be realized. 

In mode 2, the bit manipulation command is used to 
write to port 2. 

Control/Status Port Operation 

The following control/status signals are used for output: 



DAKO [Data Acknowledge] . DAK O is sent to the 
//PD71055 in response to the OBF0 signal. It should be 
set low when data is received from port of the 
/yPD71055. 

WIEO [Write interrupt Enable Flag]. WIEO controls the 
write interrupt request output. Interrupts are enabled 
by using the bit manipulation command to set this bit to 
1 and disable d by s etting it to 0. The state of WIE does 
not affect the DAK function of this pin. 

The following control/status signals are used for input: 



OBF0 [Output Buffer Full]. OBF0 goes low when data 
is received from the D -D 7 data bus and is latched in 
the port output buffer. It therefore functi ons as a 
receive request signal to the peripheral. OBFOgoes low 



STBO [Strobe Input]. When STBO goes low, the data 
being sent to the /uPD71055 is latched in port 0. 

IBFO [Input Buffer Full F/F]. When IBFO goes high, it 
indicates that the input buffer is full. It functions as a 
signal which can be used t o proh ibit further data 
transfer. IBFO goes high w hen STBO goes lo w. It goes 
low at the rising edge of RD0 when STBO = 1 (read 
complete). 
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Figure 15. Mode 2 
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WINTO and RINTO are internal signals and are write and read interrupt request 

signals to the CPU, respectively. 
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Also note that 

INTO = WINTO (+) RINTO 
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RIEO [Read Interrupt Enable Flag]. RIEO controls the 
read interrupt request output. Interrupts are enabled 
by using the bit manipulation command to set this bit to 
1 and disable d by se tting it to 0. The state of Rl E0 does 
not affect the STBO function of this pin. 

This control/status signal is used for both input and 
output: 

INTO [Interrupt Request]. During input operations, 
INTO functions as a read request interrupt signal. 
During output, it functions as a write request interrupt 
signal. This signal is the logical OR of the INT signal for 
data read (RINTO) and the INT signal for write (WINTO) 
in mode 1 (RINTO OR WINTO). 



In mode 2, the status of OBF0, IBFO, INTO, WIEO, and 
RIEO can be determined by reading port 2. 

Table 3 is a summary of these signals. 



Table 3. 


Functions of Port 2 In Mode 2 


Bit 


Function 


P2 3 


INTO (Interrupt request) 


P2 4 


STBO (Strobe input) 

RIEO (Read interrupt enable flag) 


P2 5 


IBFO (Input buffer full f/f) 


P2 6 


DAKO (Data acknowledge input) 
WIEO (Write interrupt enable flag) 


P2 7 


OBFO (Output buffer full f/f) 



Mode 2 Example 

Figures 1 7, 1 8, and 1 9 show data transfer between two 
CPUs. 



Figure 17. Connecting Two CPUs 
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Figure 19. Sub CPU Flowchart 
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Mode Combinations 

Table 4 is a complete list of all the combinations of 
modes and groups, and the function of the port 2 bits in 
each mode. 



Table 4. 


Mode Combinations and Port 2 Bit Functions 




















Group 












Group 1 








Mode 


P0 7 -P0 


P2 7 


P2 6 


P2 5 


P2 4 


P2 3 


Mode 


Ply-Plo 


P2 3 


P2 2 


P2, 


P2 





In 


D 


D 


D 


D 


NA 





In 


D 


D 


D 


D 





In 


D 


D 


D 


D 


NA 





Out 


D 


D 


D 


D 





In 


D 


D 


D 


D 


NA 


1 


In 


B 


stbT 

(RIE1) 


IBF1 


INT1 





In 


D 


D 


D 


D 


NA 


1 


Out 


B 


DAK1 
(WIE1) 


OBFi 


INT1 





Out 


D 


D 


D 


D 


NA 





In 


D 


D 


D 


D 





Out 


D 


D 


D 


D 


NA 





Out 


D 


D 


D 


D 





Out 


D 


D 


D 


D 


NA 


1 


In 


B 


STBT 
(RIE1) 


IBF1 


INT1 





Out 


D 


D 


D 


D 


NA 


1 


Out 


B 


DAKI 
(WIE1) 


obfT 


INT1 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 





In 


NA 


D 


D 


D 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 





Out 


NA 


D 


D 


D 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 


1 


In 


NA 


stbT 

(RIE1) 


IBF1 


INT1 




In 


B 


B 


IBFO 


STBO 
(RIEO) 


INTO 


1 


Out 


NA 


DAKI 
(WIE1) 


OBFi 


INT1 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 





■. In 


NA 


D 


D 


D 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 





Out 


NA 


D 


D 


D 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 


1 


In 


NA 


STB1 
(RIE1) 


IBF1 


INT1 




Out 


OBFO 


DAKO 
(WIEO) 


B 


B 


INTO 


1 


Out 


NA 


DAKI 
(WIE1) 


OBFi 


INT1 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 





In 


NA 


D 


D 


D 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 





Out 


NA 


D 


D 


D 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 


1 


In 


NA 


sTbi 

(RIE1) 


IBF1 


INT1 


2 


I/O 


OBFO 


DAKO 
(WIEO) 


IBFO 


STBO 
(RIEO) 


INTO 


1 


Out 


NA 


DAK1 
(WIE1) 


OBFi 


INT1 



Note: 

(1) In this chart, "NA" indicates that the bit cannot be used by this group. 

(2) The symbol "B" indicates bits that can only be rewritten by the bit manipulation command. 

(3) In this chart, "D" indicates that is used by the user. 

(4) Symbols in parentheses are internal flags. They are not output to port 2 pins and they cannot be read by the host. 

(5) In indicates Input, Out indicates Output, and I/O indicates Input/Output. 
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Interrupt Control Unit 



Description 

The/uPD71059 is a low-power CMOS programmable 
interrupt control unit for microcomputer systems. It 
can process eight interrupt request inputs, allocating a 
priority level to each one. It transfers the interrupt with 
the highest priority to the CPU, along with interrupt 
address information. By cascading up to eight slave 
/yPD71059s to a master //PD71059, a system can 
process up to 64 interrupt requests. System scale, 
interrupt routine address, interrupt request priority, 
and masking are all under complete program control. 

Features 

□ /UPD8085A compatible (CALL mode) 

□ //PD70108/70116 compatible (vector mode) 

□ Eight interrupt request inputs per chip 

□ Up to 64 interrupt request inputs per system 
(extended mode) 

□ Edge- or level-triggered interrupt request inputs 

□ Each interrupt maskable 

□ Programmable priority level 

□ Polling operation 

□ Single +5 V +10% power supply 

□ Industrial temperature range: —40 to +85 °C 

□ CMOS technology 

□ 8 MHz and 10 MHz 

Ordering Information 



Pin Configurations 

28-Pin Plastic DIP 
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23 
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D 3 C 


8 S 21 
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D 2 C 


9 =i 20 


3 INTP 2 




d, n 


10 


19 


3 INTP, 




D„Z 


11 


18 


3 INTP 




SA C 


12 


17 


3 INT 




SA,C 


13 


16 


3 SV [BUFR/W] 




GND C 


14 


15 


3 SA 2 
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44-Pin Plastic QFP 



Part Number 


Package 


yuPD71059C-8 


28-pin plastic DIP (600 mil) 


C-10 




G-8 


44-pin plastic QFP (P44G-80-22) 


GB-8 


44-pin plastic QFP (P44GB-80-3B4) 


GB-10 




L-8 


28-pin PLCC 


L-10 
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n fi I I I 
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Di 1 1 1 




Dt 1 1 1 




Do 1 1 1 
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D I I I 




NC I I I 




NC I I I 
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Pin Configurations (cont) 

28-Pin Plastic Leaded Chip Carrier (PLCC) 





r~ (D 1ft ^ CO CM *- 

cl o. a a. a. a. a 

1- 1- 1- t- H 1- H 

z z z z z z z 

nnnnnnn 




INTAK C 
AoC 

VddC 
CSC 

WRC 
RDC 
D/C 


Ift *T CO CM T- O O) 
CM CM CM CM CM CM i- 

26 18 

27 17 

** „PD 16 

1 O 71059 15 

2 14 

3 13 

4 12 

O T- 

kw m<Dr^ooo>i-r- 


H INTPo 

H INT 

H SV [BUFR/W] 

DSA 2 

J GND 

USAi 

USAo 
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Pin Identification 



Symbol 


Function 


D7-D0 


Data bus I/O 


SA 2 -SA 


Slave address I/O, bits 2, 1, 


GND 


Ground potential 


IC 


Internally connected 


SV (BUFR/W) 


Slave (Buffer read write) I/O 


INT 


Interrupt output 


INTP0-INTP7 


Interrupt inputs 


INTAR 


Interrupt acknowledge input 


Ao 


Address input 


Vdd 


Power supply 


CS 


Chip select input 


WR 


Write strobe input 


RD 


Read strobe input 


NC 


Not connected 



Pin Functions 

D7-D0 [Data Bus] 

The 8-bit 3-state bidirectional bus transfers data to and 
from the CPU through the system bus. The data bus 
becom es active when data is sent to the CPU in the 
INTAK sequence. Otherwise, the data bus is high 
impedance. 

CS [Chip Select] 

The CPU uses the //PD71059's CS input to select a 
/yPD71059 to read from (IN instructions) or write to 
(OUT instructions). The RD and WR signals to the 
/uPD71059 are enabled when CS is low. CS is not used 
for the INTAK sequence. 

RD [Read Strobe] 

The CPU sets the RD input to when reading the 
internal registers IMR, IRR and ISR, and during polling 
operations to read polling data. 

WR [Write Strobe] 

The CPU sets the WR input to when writing initializing 
words IW1-IW4 and command words IMW, PFCW and 
MCW. 

Ao [Address] 

The A input is used with CS, RD, and WR to read or 
write to the//PD71 059. Normally, Ao is connected to Ao 
of the address bus. Table 1 shows the relationship 
betw een read/write operations and the control signals 
(CS, WR, RD, and A ). 

INTP7-INTP0 [Interrupt Request from Peripheral] 

INTP7-INTP are eight asynchronous interrupt request 
inputs. They can be set to be either edge-or level- 
triggered. These pins are pulled up by an internal 
resistance. Their power consumption is lower at high- 
level input than at low-level input. 

INT [Interrupt] 

INT is the interrupt request output from a 
juPD71059 to the CPU or master yuPD71 059. When an 
interrupt from a peripheral is input to an INTP pin and 
acknowledged, the //PD71059 asserts INT high to 
generate an interrupt request at the CPU or master 
/UPD71059. 
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INTAK [Interrupt Acknowledge] 



The INTAK input from the CPU acknowledges an 
interrupt from the //PD71 059. After acknowledging the 
interrupt request, the CPU returns three low-level 
pulses (//PD8085) or two low-level pulses (//PD70108/ 
70116). Synchronizing to these pulses, the//PD71059 
sends a CALL instruction in three bytes, or an interrupt 
vector number in one byte through the data bus. 

SV [BUFR/W] [Slave, Buffer Read/Write] 

This pin has two functions. When no external buffer is 
used in the data bus, it is the SV input. When SV is low, 
the//PD71059 acts ^s a slave. It operates as a master 
when SV is high. SV has no master/slave meaning 
when the/uPD71059 is set to single mode. 

As the BUFR/W output, this pin can allow a bus 
transceiver to be controlled by the //PD71 059, if one is 
required. When the_//PD71059 changesjts data bus to 
output, it sets BUFR/W low. It sets BUFR/W high when 
the data bus changes to input. 



SA 2 -SA [Slave Address] 

These pins are only used in systems with cascaded 
//PD71059s. The master //PD71 059 uses these pins to 
address up to eight slave //PD71059s. These pins are 
output pins for masters, and input pins for slaves. 

Note: In the single mode, SA2-SA0 are output pins, but the output 
data has no meaning. 

V DD [Power Supply] 

This is the positive power supply. 
GND [Ground] 

This is the ground potential. 

IC [Internally Connected] 

This pin must be left unconnected. 



Table 1. 


Read/ Write Operations 






CS R0 


WR 


Ao 


Other Conditions 


//P071 059 Operation 


CPU Operation 





1 





IRR set by MCW 


IRR to Data bus 


IRR read 




ISR set by MCW 


ISR to Data bus 


ISR read 




Polling phase (Note 1) 


Polling data to Data bus 


Polling 





1 


1 




IMR to Data bus 


IMR read 


1 








D 4 = 1 


Data bus to IW1 register 


IW1 write 




D 4 , D 3 = 


Data bus to PFCW register 


PFCW write 




D 4 = 0, D 3 = 1 


Data bus to MCW register 


MCW write 



10 1 



(Note 2) 



Data bus to IW2 register 
Data bus to IW3 register 
Data bus to IW4 register 



Note: 

(1) In the polling phase, polling data is read instead of IRR and ISR. 

(2) Refer to Control Words section for IW2-IW4 writing procedure. 



IW2 write 
IW3 write 
IW4 write 











After initializing 


Data bus to IMR 


IMW write 




1 


1 

X 


1 

X 


X 
X 




Data bus high impedance 













X 




Illegal 
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Block Diagram 



-<=} 



Data Bus 
Buffer 



C=5 




Read/ 
Write 
Control 



Initialization and 
Command Word 
Register Group 



Service 

Register 

(ISR) 



A 



Control Logic 



Priority 

Decision 

Logic 



Interrupt 
Mask 

Register 
(IMR) 



Slave 
Control 



"*■ SA„ 

-*■ SA, 



-*■ SV/(BUFR/W) 



Interrupt 

Request 

Register 

(IRR) 



INTP 
INTP, 
INTP 2 
INTP3 
INTP 4 
INTP 5 
INTP 6 
INTP 7 



Block Diagram Functions 

Data Bus Buffer 

The data bus buffer is a buffer between D7-D0 and the 
AfPD71059's internal bus. 

Read/Write Control 

The read/write control controls the CPU's reading and 
writing to and from the//PD71059 registers. 

Initialization and Command Word Registers 

These registers store initializing words IW1-IW4 and 
command words PFCW (priority and finish control 
word) and MCW (mode control word). The CPU 
cannot read these registers. 

Interrupt Mask Register [IMR] 

The interrupt mask register stores the interrupt mask 
word (IMW) command word. Each bit masks an inter- 
rupt. If bit n of this register is 1, the interrupt request 
INTP n is masked and cannot be accepted by the 
//PD71 059. The CPU can read this register by perform- 
ing an IN instruction with A = 1. 



Interrupt Request Register [IRR] 

The interrupt request register shows which interrupt 
levels are currently being requested. If bit n of the IRR 
is 1, INTP n is requesting an interrupt. The CPU can 
read this register. 

In-Service Register [ISR] 

The in-service register shows all interrupt levels cur- 
rently in service. If bit n of this register is 1 , the interrupt 
routine corresponding to INTP n is currently being 
executed. The CPU can read this register. 

Slave Control 

Slave control is used in systems with cascaded 
/^PD71 059s. A master/t/PD71 059 uses it to control slave 
^PD71059s, and a slave uses it to interface with the 
master //PD71 059. 

Control Logic 

The control logic receives and generates the signals 
that control the sequence of events in an interrupt. 
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Priority Decision Logic 

The priority decision logic determines which interrupt 
request from the IRR will be serviced next. The 
decision is made based upon the current interrupt 
mask, interrupt service status, mode status, and current 
priority. 

Absolute Maximum Ratings 



DC Characteristics 



T A = 25°C 




Power supply voltage, Vpn 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.3 V 


Output voltage, Vn 


-0.5 to V DD + 0.3 V 


Power dissipation, PD^ax 


500 mW 


Operating temperature, T op t 


-40 to +85 °C 


Storage temperature, T stg 


-65to+150°C 



Comment: Exposing the device to stresses above those listed in the 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational section of this specification. 
Exposure to absolute maximum ratings for extended periods may 
affect device reliability. 

Capacitance 

T A = 25 °C; V DD = GND = V 



Limits 



Parameter Symbol Min Typ Max Unit 



Test 
Conditions 



Input 
capacitance 



C| 



10 



pF f c = 1MHz 



I/O 
capacitance 



Cio 



20 



pF Unmeasured pins 
returned to V 



T A = -40to+85°C; V t 


DD = 5V±10% 










Symbol 


Limits 




Unit 




Parameter 


Min 


Typ 


Max 


Test Conditions 


Input voltage, 
high 


V|H 


2.2 




V D D + 
0.3 


V 




Input voltage, 
low 


V|L 


-0.5 




0.8 


V 




Output voltage, 
high 


V H 


0.7 x V DD 






V 


Ioh = -400M 


Output voltage, 
low 


Vol 






0.4 


V 


Iol = 2.5 mA 


Input leakage 
current, high 


'lih 






10 


/"A 


V| = V DD 


Input leakage 
current, low 


Ilil 






-10 


/"A 


V|=0V 


Output leakage 
current, high 


'loh 






10 


/"A 


V = V D rj 


Output leakage 
current, low 


'lol 






-10 


/"A 


v = ov 


INTP input 
leakage 
current, high 


'liph 






10 


//A 


v, = v DD 


INTP input 
leakage 
current, low 


'lipl 






-300 


//A 


v, = ov 


Supply current 
(dynamic) 
A(PD71059 


■ddi 




3.5 


9 


mA 




//PD71059-10 


■ddi 




4 


9 


mA 





Supply current lno2 
(power down 
mode) 



2 50 /iA 



Input pins: 

V| H = Vdo-0.1 V 

V| L = 0.1 V 

Output pins: open 
(Note 1) 



Notes: 

(1) In power down mode, INTP -INTP 7 , INTAK, and CS must be at 
high level (V| H = V DD -0.1 V). 
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AC Characteristics 

T A = -40 to +85°C; V DD ± 5 V + 10% 




Symbol 


8 MHz Limits 


10 MHz Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Test Conditions 


Read Timing 


A , CS setup to ROi 


tSAR 












ns 




A , CS hold from RD t 


tHRA 












ns 




RD pulse width low 


tRRL 


160 




120 




ns 




RD pulse width high 


tRRH 


120 




90 




ns 




Data delay from RD i 


l DRD 




120 




95 


ns 


C L = 150 pF 


Data float from RD t 


l FRD 


10 


85 


10 


60 


ns 


C L = 100 pF 


Data delay from Ao, CS 


l DAD 




200 




120 


ns 


C L = 150 pF 


BUFR/W delay from RD 1 


l DRBL 




100 




80 


ns 




BUFR/W delay fromRDt 


*DRBH 




150 




100 


ns 




Write Timing 


Ao, CS setup to WR J 


tSAW 












ns 




A ,CS hold from WRt 


*HWA 












ns 




WR pulse width low 


twwL 


120 




100 




ns 




WR pulse width high 


l WWH 


120 




90 




ns 




Data setup from WR t 


tSDW 


120 




100 




ns 




Data hold from WR t 


tHWD 












ns 




Interrupt Timing 


INTP pulse width 


tlPIPL 


100 




80 




ns 


(Note 1) 


SA setup to second, third INTAK I 


l SSIA 


40 




40 




ns 


Slave 


INTAK pulse width low 


tlAIAL 


160 




120 




ns 




INTAK pulse width high 


tlAIAH 


120 




90 




ns 


INTAK Sequence 


INT delay from INTP t 


l DIPI 




300 




200 


ns 


C L = 150 pF 


SA delay from first INTAK i 


*DIAS 




360 




250 


ns 


Master, C L = 150 pF 


Data delay from INTAK i 


l DIAD 




120 




95 


ns 


C L = 150 pF 


Data float from INTAK T 


l FIAD 


10 


85 


10 


60 


ns 




Data delay from SA 


l DSD 




200 




150 


ns 


Slave, C L = 150 pF 


BUFR/W delay from INTAK i 


tDIABL 




100 




80 


ns 


C L = 150 pF 


BUFR/W delay from INTAK T 


tDIABH 




150 




100 


ns 




Other Timing 


Command recovery time 


*RV1 


120 




90 




ns 


(Note 2) 


INTAK recovery time 


tRV2 


250 




90 




ns 


(Note 3) 


INTAK/command recovery time 


l RV3 


250 




90 




ns 


(Note 4) 



Notes: 

(1) The time to clear the input latch in edge-trigger mode. 

(2) The time to move from read to write operation. 



(3) The time to move to the next INTAK operation. 



(4) The time to move INTAK to/from command (read/write). 
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Timing Waveforms 

AC Test Input/Output Waveform 





2.2 




2.2 






)ti> 


Test Points 


<rx 


49-000166A 




0.8 




0.8 



Read Cycle 
















AO.CS 


* 




:< 


49-000164A 




«-'sAH-H 


H~*HRA~*" 




t H RL 




RD 
°7-D 




i 




J^— t DRP — M 

tDAD 1 








T 





Wn7e Cyc/e 




INTAK Sequence (CALL Mode) 




Dy-Do - 




INTAK Sequence (Vector Mode) 




D 7 -D - 




J " Vector " L 
V Number .. f 



/ V 



INTP Input Should be Maintaine d at Hig h Level 
until the Leading Edge of the 1 st INTAK Pulse. 



Other Timing 



INTAK S t 



\ / 



J- 



X f 



RD/WR or INTAK \ ) ' 



INTAK or RD/WR 



\ r 
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Interrupt Operation 

Almost all microcomputer systems use interrupts to 
reduce software overhead when controlling periph- 
erals. However, the number of interrupt pins on a CPU 
is limited. When the number of interrupt lines increases 
beyond that limit, external circuits like the yuPD71059 
become necessary. 

The /uPD71059 can process eight interrupt request 
according to an allocated priority order and transmit 
the signal with the highest priority to the CPU. It also 
supplies the CPU with information to ascertain the 
interrupt routine start address. Cascading /yPD71059s 
by connecting up to eight "slave" /iPD71059s to a 
single "master" //PD71 059 permits expansion to up to a 
maximum of 64 interrupt request signals. 

Interrupt system scale (master/slave), interrupt routine 
addresses, interrupt request priority, and interrupt 
request masking are all programmable, and can be set 
by the CPU. 

Normal interrupt operation for a single /uPD71 059 is as 
follows. First, the initialization registers are set with a 
sequence of initialization words. When the/uPD71059 
detects an interrupt request from a peripheral to an 
INTP pin it sets the corresponding bit of the interrupt 
request register (IRR). The interrupt is checked against 
the interrupt mask register (I MR) and the interrupt 
service register (ISR). If the interrupt is not masked 
and there is no other interrupt with a higher priority in 
service or requesting service, it generates an INT 
signal to the CPU. 

The CP U acknowledges the interrupt by bringing the 
INTAK line low. The /uPD71 059 then outputs interrupt 
CALL o r vector data onto the data bus in response to 
INTAK pulses. During the last INTAK pulse, the 
//PD71059 sets the corresponding bit in its ISR to 
indicate that this interrupt is in service and to disable 
interrupts with lower priority. It resets the bit in the IRR 
at this point. When the CPU has finished processing 
the interrupt, it will inform the yuPD71059 by sending a 
finish interrupt (Fl) command. This resets the bit in the 
ISR and allows the //PD71 059 to accept interrupts with 
lower priorities. If the/^PD71059 is in the self-FI mode, 
the ISR bit is reset automatically and this step is not 
necessary. 



Software Features 

The//PD71059 has the following software features: 



• Interrupt types: 

• Interrupt masking: 

• End of interrupt: 

• Priority rotation: 



• Polled mode 



CALL/vector 
Normal/extended nesting 
Self-FI/normal Fl/ 
specific Fl 

Normal nested/extended 
nested/exceptional nested 
Automatic priority rotation 
Rotate to specific priority 



• CPU-readable registers 

Hardware Configurations 

The //PD71059 has the following hardware config- 
urations: 



• Interrupt input: 

• Cascading //PD71 059s: 

• Output driver control: 
Mode Control 



Edge/level sensitive 
Single/extended 
(master/slave) 
Buffered/non-buffered 



These features and configurations are selected and 
controlled by the four initialization words (IW1-IW4) 
and the three command words (IMW, PFCW, and 
MCW). The format of these words are shown in figures 
2 and 3, respectively. 

Control Words 

There are two types of yuPD71059 control words: 
initialization words and command words. 

There are four initialization words: IW1-IW4. These 
words must be written to theyuPD71 059 at least once to 
initialize it. They must be written in sequence. 

There are three types of command words: interrupt 
mask word (IMW), priority and finish control word 
(PFCW), and the mode control word (MCW). These 
words can be written freely after initialization. 
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Initialization Words 

Initialization sequence. When data is written to a 
//PD71059 after setting A = and D 4 = 1, data is 
always accepted as IW1. This results in a default 
initialization as shown below. See figure 1. 

(1) The edge-trigger circuit of the INTP input is 
reset. IRR is cleared in the edge-trigger mode. 

(2) ISR and IMR are cleared. 

(3) INTP 7 receives the lowest priority; INTP 
receives the highest. 

(4) The exceptional nesting mode is released. IRR 
is set as the register to be read. 

(5) Register IW4 is cleared. The normal nesting 
mode, non-buffer mode, Fl command mode, 
and CALL mode are set. 

Initialization Words. The initialization words are written 
consecutively, and in order. The first two, IW1 and IW2, 
set the interrupt address or vector. I W3 specifies which 
interrupts are slaves for master systems, and defines 
the slave number of a slave system. Therefore, IW3 is 
only required in extended systems. The//PD71059 will 
only expect it if bit D-t of IW1, SNGL = 0. IW4 is only 
written if bit Do of I W1 ,14 = 1. See figure 2 for the format 
of the initialization words. 

Command Words 

The command words give various commands to a 
//PD71059 during its operation to change interrupt 
masks and priorities, to end interrupt processing, etc. 
See figure 3. 

IMW [Interrupt Mask Word]. This word masks the IRR 
and disables the corresponding INTP interrupt re- 
quests. It also masks the ISR in the exceptional nesting 
mode. Bits M7-M0 correspond to the interrupt levels of 
INTP7-INTP0, respectively. 

In the exceptional nesting mode, interrupts corre- 
sponding to the bits of IRR and ISR are masked if the 
M n bit is set to 1. 

PFCW [Priority and Finish Control Word]. This word 
sets the Fl (finish interrupt) command that defines the 
way that interrupts are ended, and the commands that 
change interrupt request priorities. 

When RP (rotate priority) is set to 1 , the priorities of the 
interrupt requests change (rotate). The priority order 
of the 8 INTP pins is as shown in figure 4. Setting a level 
as the lowest priority sets all the other levels corre- 
spondingly. For example, if INTP 3 is the lowest 
priority, INTP 4 will be the highest. (INTP 7 has the 
lowest priority after initialization). 



SIL (specify interrupt level) is set to 1 to change the 
priority order or designate an interrupt level. It is used 
with the RP and Fl bits (bits D 7 and D 5 ). When SIL = 1 
and RP or Fl = 1, the level identified by IL 2 -ILo is 
designated as the lowest priority level. The other 
priorities will be set correspondingly. When used with 
Fl = 1, it resets the ISR bit corresponding to the 
interrupt level IL2-IL0. 

MCW [Mode Control Word]. This word is used to set 
the exceptional nesting mode, to poll theywPD71059, 
and to read the ISR and IRR registers. 

Figure 1. Initialization Sequence 



CPU Sends 
IW1 

[Ao = 0, D4 = 1 ] 



CPU Sends 
IW2 




'[ NO 



CPU Sends 
IW3 
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Bits SR and IS/IR are used to read the contents of the 
IRR and ISR registers. When SR = 0, no operation is 
performed. To read IRR or ISR, set Ao = and select 
the IRR or ISR register by writing to MCW. To _select 
the IRR register, write MCW with SR = 1 and IS/IJR = 0. 
Toselectthe ISR, write MCW with SR = 1 and IS/IR = 1. 
The selection is retained, and MCW does not have to 
be rewritten to read the same register again. IRR and 
ISR are not masked by the IMR. 

Figure 2. Initialization Word Formats (Sheet 1 of 2) 



IW1 [Initialization Word 1] 

A D 7 D 6 D 5 


°4 


D 3 


D 


2 D1 °o 






49-0001 60C 


| | | A 7 ] A 6 | A 5 


1 


LEV 


AG4 | SNGL | 14 | 












D 4 






















I' 




' 




IW4 
Selection 


1 


IW4 Write 





IW4 Not Written 




^ 








The Higher 3 Bits of 
the Lower Byte of 
the Interrupt Routine 
Address in CALL Mode 




Interrupt 
Scale 


1 


Single Mode 







Extended Mode 












CALL Mode 
Address Gap 


1 


4 Bytes 


IW2 (Initialization Word 2] 

AO D 7 D 6 D 5 







8 Bytes 








INTP Input 
Trigger 


1 


Level-Trigger Mode 






D 







Edge-Trigger Mode 


D 3 


2 D 1 


D 




| 1 | j A 15 /V 7 | A 14 /V 6 | A 13 /V 5 


A 12 /V 4 


A11/V3 


A 


| A 9 | A„ | 










































A 15 -A 8 : Higher Byte of Interrupt Routine 
Address in CALL Mode 

V 7 -V 3 : The Higher 5 Bits of Interrupt 
Vector Number in Vector Mode 






°4 


D 3 


C 




IW3 [Initialization Word 3] Master Mode 
A D 7 D 6 D 5 


>2 D, 


Do 




( 1 | . | s 7 | s 6 | s 5 


s 4 


S3 


« 


2 | 8, | S | 






































Slave 


1 


INTP Input is a Slave 











INTP Input is Not a Slave 
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Figure 2. Initialization Word Formats (Sheet 2 of 2) 






















IW3 [Initialization Word 3) Slave Mode 

A D 7 D 6 D 5 D„ D 3 D 2 


D, 


D 






49-000161C 


| 1 | | | | | | | SN 2 


SN, 


SN 






' 


" 


" 








Slave Number 






















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 


IW4 [Initialization Word 4] 

A D 7 D 6 


D 5 D„ D 3 D 2 


Di 


D 






| 1 | | | | | EXTN | BUF | BSV 


SB 


v/c 






























' 






Interrupt 

Mode 

Select 


1 


vector Mode 





CALL Mode 






Fl 
Mode 


1 


Self-FI Mode 







Fl Command Mode 






Buffer 
Mode 
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BUF 
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X 


Non-Buffer Mode 








1 


1 


Buffer Mode Master 




1 





Buffer Mode Slave 






Extended 
Nest 


1 


Extended Nest Mode 











Normal Nest Mode 
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Figure 3. Command Word Format 



IMW [Interrupt Mask Word] 
A °7 



I M 'l 


M 6 I M 5 I M 4 I M 3 I M 2 I M, 


M„ | 




































Interrupt 


1 


Set Interrupt Mask 


















Mask 





Reset Interrupt Mask 



PFCW [Priority Finish and Control Word] 
A D 7 D 6 D 



Priority 
Rotation and 
Fl Command 



Internal 
Level 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


i 


1 


7 



Com- 
mand 



Com- 
mand 



No Level 
Designation 



With Level 
Designation 



No Level 
Designation 



Without Rotation 



Without Rotation 



Without Rotation 



Without Rotation 



Normal Fl Command 



Normal Rotation Fl Command 



Specific Fl Command 



Specific Rotation Fl Command 



No Operation 



Specific Rotation Command 



Self-FI Mode Rotation Reset 



Self-FI Mode Rotation Set 



MCW [Mode Control Word] 




Polling 


1 


Polling Command 





No Operation 



Read 

Register 

Select 





X 


No Operation 


1 





ISR Select 


1 


1 


IRR Select 





" 


T 




Exceptional 

Nesting 

Mode 





X 


No Operation 


1 


1 


Exceptional Nesting Mode Set 


1 





Exceptional Nesting Mode Release 
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Figure 4. INTP Priority Order 
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CALL or Vector Modes 

ThejuPD71 059 passes interrupt routine address data to 
the CPU in two modes, depending on the CPU type. 
Thjs mode is set by bit V/C in initialization word IW4. 
V/C is set to one to to select the vector mode for 
yuPD701 08/701 16 CPUs, and reset to zero to select the 
CALL mode for //PD8085A CPUs. 

CALL Mode [/yPD8085A CPUs] 

In this mode, when an interrupt is acknowledged by 
the CPU, the//PD71 059 o utputs t hree bytes of interrupt 
data to the d ata bus in its INTAK sequence. During the 
first INTAK pulse from the CPU, the//PD 71 059 o utputs 
the CALL opcode 0CDH. During the next INTAK pulse, 
it outputs the lower byte of a two-b yte interrupt routine 
address. During the third INTAK pulse, it outputs the 
upper byte of the address. The CPU interprets these 
three bytes as a CALL instruction and execu tes the 
CALL interrupt routine. See figure 5 and the INTAK 
sequence (CALL mode) //PD8085 diagram in the AC 
Timing Waveforms. 

Interrupt routine addresses are set using words IW1 
and IW2 during initialization. However, only the higher 
ten or eleven bits of the interrupt addresses are set, 
A15-A6 or A-15-A5. The //PD71059 sets the remaining 
low bits (D5-D0 or D4-D0) to get the address of INTP n 's 
interrupt routine. The addresses for INTP r INTP 7 are 
set in order of interrupt level. The space between 
interrupt addresses is determined by setting the AG4 
bit (address gap 4 bytes) of IW1. When AG4 = 1, the 
interrupt routine starting addresses are 4 bytes apart. 
Therefore, the starting address for I NTP n is the starting 
address for INTPo P'us four times n. When AG4 = 0, 
starting addresses are eight bytes apart, so the starting 
address for INTP n is the starting address for INTP 
plus eight times n. See figure 6. 



Vector Mode [/yPD701 08/701 16 CPUs] 

In the vector mode, the//PD71059 outputs a o ne-byte 
interrupt vector number to the data bus in the INTAK 
sequence. The CPU uses that vector number to gen- 
erate an interrupt routine address. See figure 7. 

The higher five bits of the vector number, V7-V3, are set 
by IW2 during initialization. The //PD71059 sets the 
remaining three bits to the number of the interrupt 
input (0 for INTP , 1 for INTP-), etc). See figure 8. 

The CPU generates an interrupt vector by multiplying 
the vector number by four, and using the result as the 
address of a location in an interrupt vector table 
located at addresses 000H-3FFH. See figure 9. 

System Scale Modes 

The//PD71059can operate in either single mode, with 
up to eight interrupt lines orextended mode, with more 
than one /uPD71059 and more than eight interrupt 
lines. In extended mode a/uPD71 059 is in either master 
or slave mode. 

Bit D-|, SNGL (single mode), of the first initialization 
word IW1 designates the scale of the interrupt system. 
SNGL = 1 designates that only oneyuPD71059 is being 
used (single mode system). SNGL = designates an 
extended mode system with a master and slave 
//PD71059S. In the single mode (SNGL = 1), the SV 
input and IW4 buffer mode bits D3 and D2 do not 
indicate a master/slave relation for the//PD71059. 

Single Mode 

This mode is the normal mode of //PD71059 operation. 
It has been described in the Interrupt Operation 
description. See figure 10 for a system example. 

Extended Mode 

In this mode, up to 64 interrupt requests can be 
processed using a master (//PD71059 in master mode) 
connected to a maximum of eight slaves (//PD71059s 
in slave mode). See figure 11 for a system example. 
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Figure 5. CALL Mode Interrupt Sequence 
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[OCDH] 
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Save ADl 
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Figure 6. CALL Mode Interrupt Address Sequence 



• Address Lower Byte [ADl] During Second INTAK 

AG4 = 1 (4-Byte Spacing Address) 

Interrupt 

Level D 7 D 6 D 5 D 4 


D 3 


D 2 


D, 


D 


83-00 1632A 


INTP 
INTP, 
INTP 2 
INTP3 
INTP 4 
INTP 5 
INTP 6 
INTP 7 


A 7 


A 6 


A 5 

















A 7 


A 6 


A 5 








1 








Ay 


A 6 


A 5 





1 











A 7 


A 6 


A 5 





1 


1 








A 7 


A 6 


A 5 


1 














A 7 


A 6 


A 5 


1 





1 








A 7 


A 6 


A 5 


1 


1 











A 7 


A 6 


A 5 


1 


1 


1 








AG4 = (8-Byte Spacing Address) 

Interrupt 

Level D 7 D 6 D 5 D 4 


D 3 


D 2 


D, 


D 


INTP 
INTP, 
INTP 2 
INTP3 
INTP 4 
INTP5 
INTP 6 
INTP 7 


A 7 


A 6 




















A 7 


A 6 








1 











A 7 


A 6 





1 














A 7 


A 6 





1 


1 











A 7 


A 6 


1 

















A 7 


A 6 


1 





1 











A 7 


A 6 


1 


1 














A 7 


A 6 


1 


1 


1 











Note: Wh< 
• Address High 


n AG4 = 0, bit A 5 is ignored. 

er Byte [ADh] During Third INTAK 
D 7 D 6 D 5 D 4 


D 3 


D 2 


D, 


D 




I I I I 
A 5 A 14 A 13 A 12 


A„ I 


*,. | 


A 9 


A 8 
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Figure 7. Vector Mode Interrupt Sequence 
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Generate Interrupt 
Request INTP n 




Set Bit n of IRR 








I 

I 




L 








r 






Hold INTP n High until 

First INTAK Pulse 

is Generated 


s' ls ^^\ 
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^N. Priority? s^ 


No 








I 

I 
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I 


Generate INT for INTP n 




I 


1 












I 


First INTAK Pulse is 

Generated when INT is 
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Reset Interrupt Request 
at INTPn 






I 








I 

JNTAK 

Sequence 




1 




" 




Internal Operation 


/ / 


Generate Second 
INTAK Pulse 




1 
1 


/ 


1 

1 




Output Vector Number 
to Data Bus 


* 


Receive Vector Number 






! 




" 




Set Bit n of ISR; 
Reset Bit n of IRR 






Execute Interrupt 
Routine 




1 
1 




1 

1 






Reset Bit n of ISR 




Issue Fl Command for INTPn 












1 
1 
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Figure 8. Vector Numbers Output in Vector Mode 
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V 7 


V 6 


v 5 
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1 


V 7 
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v 4 


v 3 





1 





V 7 


V 6 


v 5 


v 4 


V3 





1 


1 


V 7 


v 6 


v 5 


v 4 


v 3 


1 








V 7 


v 6 


v 5 


v 4 


v 3 


1 





1 


V 7 


v 6 


v 5 


v 4 


v 3 


1 


1 





V 7 


v 6 


v 5 


v 4 


v 3 


1 


1 


1 













Figure 9. Interrupt Vectors for the /jPD701 08/701 16 



Vector Number x 4 — 

(Interrupt vector 
table address is 
obtained by 
multiplying vector 
number times four.) 



Vector Table 
Address 

r* 000H 

— 004H 

— 008H 

3F8H 
3FCH 
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Vector 254 
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Figure 10. Single Mode System 
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Figure 11. Extended System Example with Three Slaves 
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Master Mode 

When a /yPD71059 is a master in an extended mode 
system, S7-S0 of IW3 (master mode) define which of 
INTP7-INTP0 are inputs from slave //PD71059s or 
peripheral interrupts. 

Consideran interrupt request from INTP n . If S n = 0,the 
interrupt is from a peripheral (for example, INTP of 
the master juPD71 059 in Figure 11), and the//PD71059 
treats it the same way it would if it were in the single 
mode. SA2-SA0 outputs are low level and the master 
provides the interrupt address or vector number. 

If S n = 1, the interrupt is from a slave (for example, 
INTP 7 ofthe master). The master sends an interrupt to 
the CPU if the slave requesting the interrupt has 
priority. The master then output s slave address n to 
pins SA 2 -SA on the first INTAK p ulse by the CPU. It 
lets slave n perform the rest of the INTAK sequence. 



Slave Mode 

When a slave receives an interrupt request from a 
peripheral, and the slave has no interrupts with higher 
priority in service, it sends an interrupt request to the 
master through its INT output. When the interrupt is 
accepted by the CPU through the master, the master 
outputs the slave's address on pins SA2-SA0. Each 
slave compares the address on SA 2 -SAo to its own 
address. The slave that s ent the interrupt will find a 
match. It completes the INTAK sequence the same 
way as a single yuPD71 059 would. 

The master outputs slave address when it is proces- 
sing a non-slave interrupt. Therefore, do not use as a 
slave address if there are less than eight slaves con- 
nected to the master. 

Figures 12 and 13 show the interrupt operating se- 
quences for slaves in the extended mode. 
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Figure 12. Interrupt from Slave (CALL Mode) 
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Figure 13. Interrupt from Slave (Vector Mode) 
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Buffer and Non-Buffer Modes 

In a large system, a buffer may be needed by the 
/UPD71059 to drive the data bus. A buffer mode is 
supplied, with a signaj to specify the buffer direction. 
In the buffer mode, SV (BUFR/W) is used to select the 
buffer direction and SV cannot be used to specify the 
master/slave mode. The master/slave selection must 
be set by IW4. IW4 bit D 3 , BUF (buffer) and D 2 , BSV 
(buffered slave) are used together to set the buffer 
mode and master/slave relation. When BUF = 0, the 
non-buffer mode is set and BSV has no meaning. When 
BUF = 1, the buffer mode is set. In buffer mode, the 
//PD71 059 is a master when BSV = 1 , a slave when BSV 
= 0. See figure 14. 

Nesting Modes 

The way a//PD71059 handles interrupts when there is 
already an interrupt in service depends on the nesting 
mode. 

Normal Nesting Mode 

This mode is set when IW4 is not written or when IW4 
has EXTN = 0. It is the most common nesting mode. 
See figure 15. 

When an interrupt is being executed in this mode (cor- 
responding bit of ISR = 1 ), only interrupt requests with 
higher priority can be accepted. 

Extended Nesting Mode 

This mode is only applicable to a master in the 
extended mode. A slave's eight interrupt priority levels 
become only one priority level when viewed by the 
master. Therefore, a request made by a slave with a 
higher priority than a previous request from the same 
slave will not be accepted. This cannot be called 
complete nesting since priority ranking within slaves 
loses its significance. 

The extended nesting mode is set by setting bit D4 of 
IW4 in both the master and the slave. Interrupt requests 
of a higher level than the one currently being serviced 
can be accepted in the master from the same slave in 
the extended nesting mode. 

Care should be exercised when issuing an Fl (finish 
interrupt) command in the extended nesting mode. In 
an interrupt by a slave, the CPU first issues an Fl 
command to the slave. Then, the CPU reads the slave's 
in-service register (ISR) to see if that slave still has 
interrupts in service. If there are no interrupts in 
service, (ISR = 00H) an Fl command is issued to the 
master, as in the single mode when an interrupt is 
made by a peripheral. 



Figure 14. Buffer Mode 
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Figure 15. Normal Nesting Mode 
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Exceptional Nesting Mode 

A yuPD71059 in the normal or extended nesting mode 
cannot accept interrupts of a lower priority than the 
interrupts in service. Sometimes, however, it is desir- 
able that requests with lower priority be accepted 
while higher-priority interrupts are being serviced. 
Setting the exceptional nesting mode allows this. After 
releasing the exceptional mode, the previous mode is 
resumed. 

The exceptional nesting mode is controlled by the 
SNM (set nesting mode) and EXCN (exceptional nest- 
ing mode) bits (D 6 and D 5 ) of MCW. They set and 
release the exceptional nesting mode. The mode 
doesn't change when SNM = 0. Exceptional nesting is 
set if SNM and EXCN = 1 and released when SNM =1 
and EXCN = 0. 

Setting a bit in the IMW in the exceptional nesting 
mode, inhibits interrupts of that level and allows 
unmasked interrupts to all other levels, higher or lower 
priority. 

The procedure for setting the exceptional nesting (EN) 
mode is as follows: 

(1) Read the ISR. 

(2) Write the ISR data to the IMR. 

(3) Set the exceptional nesting mode. 

In this way, all interrupt requests not currently in 
service will be enabled. 

Figure 16 (a) shows what happens if IMR is not set to 
ISR. When the exceptional nesting is set, bit 2 of ISR 
will be ignored, and bit 5 will be serviced. Servicing bit 
5 will mask the lower priority interrupts 6 and 7. When 
the ISR is set equal to the IMR as in (b), all interrupts 
except 2 and 5 can be serviced when the exceptional 
nesting mode is set. 

Issuing an Fl command to a level masked by the 
exceptional nesting mode requires caution. Since the 
ISR bit is masked, the normal Fl command will not 
work. For this reason, a specific Fl command specifying 
the ISR bit must be issued. After the exceptional mode 
is released, the normal Fl command may be used. 



Figure 16. Exceptional Nesting Mode 
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All requests other than those being executed can be accepted when the IMR is set the 
same as the ISR, in exceptional nesting mode. 



Finishing Interrupts (Fl) and Changing 
the Priority Levels 

The priority and finish control word (PFCW) issues Fl 
commands and changes interrupt priorities. 

Normal Fl Command 



PFCW 



When a normal Fl command is issued, the//PD71059 
resets the ISR bit corresponding to the highest priority 
level selected from the interrupts in service. This 
operation assumes that the interrupt accepted last has 
ended. 

When an interrupt routine changes the priority level or 
the exceptional nesting mode is set, this command will 
not operate correctly because the highest priority 
interrupt is not necessarily the last interrupt in service. 
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Specific Fi Command 

D 7 D 6 D 5 D 4 D 3 D 2 Di D 
PFCW = 






1 


1 








IL-2 


ILi 


ILo 



When the specific FI command is issued, the//PD71 059 
resets the ISR bit designated by bits IL2-IL0 of the 
PFCW. This command is used when the normal nesting 
mode isn't being used. 

Self-FI Mode 

When SFI of IW4 = 1 , the /uPD71059 is set to the self-FI 
mode. In this mode, the ISR bit corresp onding to the 
interrupt is set and reset during the third INTAK pulse. 
Therefore, the CPU does not have to issue an FI 
command when the interrupt routine ends. In this 
mode, however, the ISR does not store the routine in 
service. Unless interrupts are disabled by the interrupt 
routine, newly generated interrupt requests are gen- 
erated without priority limitation by the ISR. This can 
cause a stack overflow when frequent interrupt requests 
occur, or when the interrupt is level triggered. 

Self-FI Rotation 

Rotation of interrupt priorities can be added to the 
self-FI mode. In this case, the corresponding interrupt 
is set to the lowest priori ty leve l when a bit is reset in 
the ISR at the end of the INTAK sequence. 

Self-FI Rotation Set: 



D 7 D 6 D 5 D 4 D 3 D 2 Dt D 
PFCW = 
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Self-FI Rotation Reset: 
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Do 


1 


1 


1 








IL 2 


IL1 


ILo 



When the normal rotation FI command is issued, the 
//PD71059 resets the ISR bit corresponding to the 
highest priority level selected from the interrupts in 
service, then rotates the priority levels so that the 
interrupt just completed has the lowest priority. 

Specific Rotation FI Command 



PFCW = 



When the specific rotation FI command is issued, the 
,uPD71059 resets the ISR bit designated by bits IL 2 -ll_o 
of the PFCW and rotates the interrupt priorities so that 
the interrupt just reset becomes the lowest priority. 
This change in priority levels is different from the normal 
nesting mode, therefore, it is the user's responsibility 
to manage nesting. 

Specific Rotation Command 

D 7 D 6 D 5 D 4 D 3 D 2 Dt D 
PFCW 



1 


1 











IL 2 


ILi 


ILo 



When the specific rotation command is issued, the 
//PD71 059 sets the interrupt priority specified by I L 2 -l l_o 
to the lowest priority. In this case also, the user must 
manage nesting. 

Triggering Mode 

Bit D 3 of the first initialization word, IW1 , is LEV (level- 
trigger mode bit). LEV sets the trigger mode of the 
INTP inputs. The level-trigger mode is set when LEV = 
1 . The rising-edge-triggered mode is set when LEV = 0. 

Edge-Trigger Mode 

In the edge-trigger mode, an interrupt is detected by 
the rising edge of the signal on an INTP input. 
Although an IRR bit goes high when INTP is hi gh, the 
IRR bit is not latched until the CPU returns an INTAK 
pulse. Ther efore, t he INTP input should be maintained 
high until INTAK is received. This filters out noise 
spikes on the INT lines. To send the next interrupt 
request, temporarily lowerthe INTP input, then raise it. 
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Level-Trigger Mode 

In the level-trigger mode, an IRR bit is set by the INTP 
input being at a high level. As in the edge-trig ger mod e, 
the INTP must be maintained high until the INTAK is 
received. Interrupts are requested as long as the INTP 
input remains high. Care should be taken so as not to 
cause a stack overflow in the CPU. See figure 17. 

Note: The //PD7105 9 oper ates as if the INTP 7 interrupt had 
occurred if the INTAK pulse is sent to the/iPD71 059 by the 
CPU when theAiPD71059 INT output level is low. Bit 7 of 
ISR is not set. Accordingly, if it is expected that this will 
occur, the INTP7 interrupt should be reserved for servicing 
incomplete interrupts. The Fl should not be issued for 
incomplete interrupts. See figure 18. 

Figure 17. INTP Input 




Figure 18. Incomplete Interrupt Request 



INTP - 
INT- 

Fntak- 






/ \ 


/ \ \\ 

| | First INTAK Pulse 


INT Sampling by CPU —H h«— 


49-000157A 



When the CPU performs a read operation with Arj = in 
the polling mode, polling data as shown in figure 19 is 
read instead of ISR or IRR. The //PD71059 then ends 
the polling mode. 

Figure 19. Polling Data 



MCW= I 
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The INT bit has the same meaning as the INT pin. 
When it is set to 1, it means that the juPD71059 has 
accepted an INTP input. 

The PL 2 -PL (permitted level) bits show which INTP 
input requested an interrupt when INT = 1 . 

If INT in the polling data is 1 , the//PD71059 sets the ISR 
bit corresponding to the interrupt level shown by bits 
PL2-PL0 of the polling data and considers that interrupt 
as being executed. The CPU then processes the 
interrupt accordingly, based on the polling data read. 
An Fl command should be issued when this processing 
ends. 

Note: When a read is performed with A0 = 1 after the polling 
command is sent to the//PD71059, the IMR will be read 
instead of polling data. However, when the polling command 
is sent, the)uPP71059 operates in the same manner when 
Arj = as it does when Aq = 1 . This means that although Aq 
was set to 1, the //PD71059 will send the contents of the 
IMR, but it will also set an ISR bit just as it would if A0 had 
been set to zero. This may disturb the nesting. Therefore, 
performing a read operation with A = 1 immediately after 
sending the polling command should be avoided. 



Pol I i ng Operation 

When polling, the CPU should disable its INT input. 
Next, it issues a polling command to the //PD71059 
using MCW with POL = 1. This command sets the 
//PD71059 in polling mode until the CPU reads one of 
the //PD71059's registers. 



24 



NEC 

NEC Electronics Inc. 



//PD71071 
DMA Controller 



Description 

The //PD71071 is a high-speed, high-performance 
direct memory access (DMA) controller that provides 
high-speed data transfers between peripheral devices 
and memory. A programmable bus width allows 
bidirectional data transfer in both 8- and 1 6-bit systems. 
In addition, theyuPD71071 uses CMOS technology to 
reduce power consumption. 

The//PD71071 can perform a variety of transfer func- 
tions including byte/word, memory-to-memory, and 
transfers between memory and I/O. The //PD71071 
also utilizessingle, demand, and block mode transfers; 
release and bus hold modes; and normal and com- 
pressed timing. 

Features 

□ Four independent DMA channels 

□ 16M-byte addressing 

□ 64K-byte/word transfer count 

□ 8- or 16-bit programmable data bus width 

□ Enable/disable of individual DMA requests 

□ Software DMA requests 

□ Enable/disable of autoinitialize 

□ Address increment/decrement 

□ Fixed/rotational DMA channel priority 

□ Terminal count output signal 

□ Forced transfer termination input 

□ Cascade capability 

□ Programmable DMA request and acknowledge 
signal polarities 

□ High-performance data transfer bandwidth 

— 5.33 Mbyte/s at 8 MHz 

— 6.67 Mbyte/sat 10 MHz 

D //PD701 08/701 16-compatible 

□ CMOS technology 

□ Low-power standby mode 

□ Single power supply, 5 V ±10% 

□ Industrial temperature range, —40 to +85 °C 

□ 10-MHz operation 



Ordering 


Information 


Part Number 


Package 


AfPD71071C-10 


48-pin plastic DIP 


L-10 


52-pin PLCC 



Pin Configurations 

48-Pin Plastic DIP 



CLK rj 


~ V. 


J 48 


H HLDRQ 




RESET C 


2 


47 


3 HLDAK 




END/TC C 


3 


46 


J READY 




DMAAK3 C 


4 


45 


D CS 




DMAAK2 C 


5 


44 


J MWR 




DMAAK1 C 


6 


43 


3 MRD 




DMAAK0 £ 


7 


42 


3 IOWR 




DMARQ3 C 


8 


41 


3 IORD 




DMARQ2 rj 


9 


40 


3 UBE 




OMARQ1 £ 


10 


39 


3 AEN 




DMARQ0 £ 


11 38 


3 ASTB 




GND C 


12 37 


3 Ao 




D15/A23 C 


13 O 36 


3 Vdd 




D14/A22 C 


14 


1 35 


3 A1 




D13/A21 C 


15 


34 


3 A 2 




D12/A20 C 


16 


33 


3 A3 




D11/A19 c 


17 


32 


]*4 




D10/A18 n 


18 


31 


3 As 




D9/A17 c 


19 


30 


]A6 




D8/A16 c 


20 


29 


]*; 




D7/A15 c 


21 


28 


3 D /A 8 




D6/A14 C 


22 


27 


3 D1/A9 




D5/A13 c 


23 


26 


3 D2/A10 




D4/A12 c 


24 


25 


3 D 3 /An 
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Pin Configurations (cont) 

52-Pin Plastic Leaded Chip Carrier (PLCC) 



Pin Identification 



* ¥ * IP 







< 
£ 
O 


< 

s 

Q 


< 

s 

Q 


z 
lui 


UJ CE 

W SC ,, Q 

111 J U J 
DC O Z I 


Q 
X 


< 
UJ 

c 


|c/> 


I* 

s 
Is 


1° 
IE 








annnnnnnnnnnn 






/ 


h. 


CO 


in 


«■ 


CO CM T- CM 

in 


55 



in 


en 


CO 


K 

« 




DMAAKO C 


8 










O 










46 


3 


DMARQ3 C 


9 




















45 


3 


DMARQ2 C 


10 




















44 


3 


DMARQ1 C 


11 




















43 


3 


DMARQO C 


12 




















42 


3 


GND C 


13 




















41 


3 


D15/A23 C 


14 
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40 


3 


D14/A22 C 


15 




















39 


3 


D13/A21 C 


16 




















38 


3 


D12/A20 c 


17 




















37 


3 


D11/A19 c 


18 




















36 


3 


D10/A18 C 


19 




















35 


3 


NCC 


20 




















34 


3 






cm 


CM 
CN 


CO 
CM 


CM 


n 10 n n 

CM CM CM CM 


en 

CM 




CO 


CO 


CM 
CO 


CO 
CO 








tru 


TTU U U U U U 


u u 


u 


u 





IOWR 

IORD 

UBE 
I AEN 

ASTB 

Ao 
! VDD 

A1 
|A 2 

A3 

A 4 

A 5 

NC 



in « <o cm (j t- o 

< < < < Z < < 
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Pin Functions 

CLK [Clock] 

CLK controls the internal operation and data transfer 
speed of the //PD71 071. 

RESET [Reset] 

RESET initializes the controller's internal registers and 
leaves the controller in the idle cycle (CPU controls the 
bus). Active high. 



END/TC [End/Terminal Count] 

This is a bidirectional pin. The END input is used to 
terminate the current DMA transfer. TC indicates the 
designate d cy cles of the DMA count transfer have 
finished. END/TC is open drain and requires an ext- 
ernal pull-up resistor. Active low. 

DMAAK3- DMAAKO [DMA Acknowledge] 

DMAAK3-DMAAK0 indicates to peripheral devices 
that DMA service has been granted. DM AAK3-DMAAK0 
respond respectively to DMA channels 3-0 and the 
polarities are user programmable. 



Symbol 


Function 




A 23 -A 8 / 
D15-D0 


Bidirectional address/data bus 




IC 


Internally connected; leave open 




A7-A4 


Address bus output 




NC 


Not connected 




A3-A0 


Bidirectional address bus 




VDD 


Power supply 




ASTB 


Address strobe output 




AEN 


Address enable output 




UBE 


Upper byte enable input/output 




IORD 


I/O read input/output 




IOWR 


I/O write input/output 




MRD 


Memory read output 




MWR 


Memory write output 




CS 


Chip select input 




READY 


Ready input 




HLDAK 


Hold acknowledge input 




HLDRQ 


Hold request output 




CLK 


Clock input 




RESET 


Reset input 




END/TC 


End DMA transfer input/terminal count 


output 


DMAAK3- 
DMAAKO 


DMA acknowledge output 




DMARQ3- 
DMARQO 


DMA request input 




GND 


Ground 





DM ARQ3- DMARQO [DMA Request] 

DMARQ3-DMARQ0 accept DMA service requests from 
peripheral devices. DMARQ3-DMARQ0 respond re- 
spectively to DMA channels 3-0 and the polarities are 
user programmable. DMARQ must remain asserted until 
DMAAK is asserted. 

GND [Ground] 

GND connects to the power supply ground terminal. 

A23-A8/D15-D0 [Address/Data Bus] 

A23-A8/D15-D0 function as a 16-bit, multiplexed address/ 
data bus when the^PD71 071 is in the 1 6-bit data mode. 
In the 8-bit data mode, A23-A16 (pins 13-20) become 
address bits only and A15-A8/D7-D0 (pins 21 -28) remain 
an 8-bit multiplexed address/data bus. A 2 3-A8/Di 5 -D 
are three-state. 
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A7-A4, A3-A0 [Address Bus] 

A7-A4, A3-A0 function as the lower eight bits of the address 
bus. A7-A4 output memory addresses during the DMA 
cycle and become high impedance in the idle cycle. 
A 3 -Aq function as the lower four bits of the address bus. 
In the idle cycle, A3-A0 become address inputs to select 
internal registers for the CPU to read or write. In the 
DMA cycle, A3-A0 output memory addresses. 

Vqd [Power Supply] 

Vdd connects to the +5-V power supply. 

ASTB [Address Strobe] 

ASTB latches address A 2 3-A 8 (16-bit mode)/A 15 -A 8 (8- 
bit mode) from the address/data bus into an external 
address latch at the falling edge of ASTB during a DMA 
cycle. Active high. 

AEN [Address Enable] 

AEN enables the output of an external latch that holds 
DMA addresses. AEN becomes high during the DMA 
cycle. 



UBE [Upper Byte Enable] 

UBE indicates the upper byte of the data bus is valid 
during 16-bit mode. In the idle cycle during data 
transf er, th e//PD71071 acknowledges data on D15-D8 
when UBE is asserted. During a DMA cycle, UBE goes 
low t o signify the presence of valid data on D-|5-D 8 . 
UBE has no meaning in 8-bit mode and becomes high 
impedance in the idle cycle and high level in the DMA 
cycle. Three-state, active low. 



IORD [I/O Read] 



In the idle cycle, IORD input s a read signal from the 
CPU. In the DMA cycle, IORD outputs a read signal to 
an I/O device. Three-state, active low. 



IOWR [I/O Write] 



In the idle cycle, IOWR input s a write signal from the 
CPU. In the DMA cycle, IOWR outputs a write signal to 
an I/O device. Three-state, active low. 



MRD [Memory Read] 

During t he DM A cycle, MRD outputs a read signal to 
memory. MRD is high impedanceduringtheidlecycle. 
Three-state, active low. 



CS [Chip Select] 

During the idle cycle, CS selects the/yPD71071 as an 
I/O device. Active low. 

READY [Ready] 

During a DMA operation, READY indicates that a data 
transfer for one cycle has been completed and may be 
terminated. To meet the requirements of low-speed I/O 
devices or memory, READY may be negated to insert 
wait states to extend the bus cycle until READY is again 
asserted. 

HLDAK [Hold Acknowledge] 

When active, HLDAK indicates that the CPU has 
granted the//PD71 071 the use of the system bus. Active 
high. 

HLDRQ [Hold Request] 

HLDRQ outputs a bus hold request to the CPU. Active 
high. 

Block Diagram Description 

The /yPD71071 has the following functional units. 

• Bus control unit 

• DMA control unit 

• Address registers 

• Address incrementer/decrementer 

• Count registers 

• Count decrementer 

• Control registers 

Bus Control Unit 

The bus control unit consists of the address and data 
buffers, and bus control logic. The bus control unit 
generates and receives signals that control addresses 
and data on the internal address and data buses. 

DMA Control Unit 

The DMA control unit contains the priority and timing 
control logic. The priority control logic determines the 
priority level of DMA requests and arbitrates the use of 
the bus in accordance with this priority level. The DMA 
control unit also provides internal timing and controls 
DMA operations. 



MWR [Memory Write] 



During t he DM A cycle, MWR outputs a write signal to 
memory. MWR ishigh impedanceduringtheidlecycle. 
Three-state, active low. 
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Block Diagram 



Bus Control Unit 



A 3 -A, 

a 7 -a 4< ; 

D 15 /A. 



•<=> 



D./£ ( ) 



CS 

CLK 

RESET 

READY 

ASTB 

AEN 

UBE 
MRD.MWR < 



■<=> 



Address Bus 
Buffer 



Data Bus 
Buffer 



Bus Control 
Logic 



Internal Address 
Bus (24) 



Address 

Incremented 

Decrementer 

(24) 



H 



(24x4) 



H 



Control Registers 



Internal Data Bus (16) 



DMA Control Unit 



Count 
Registers 



DMARQ3 i 
DMARQO ' 

DMAAK3 
DMAAKO 

HLDRQ 
HLDAK 
END/TC 



Priority 
Control 
Logic 



Timing 
Control 
Logic 



H 



(16x4) 



(16x4) 



Terminal Count 



n 



Channel 


(5) | 




Device Control 


(10) | 




Status 


(8) | 




Mode Control 


(7x4) | 




Temporary 


(16) | 




Request 


(4) | 




Mask 


(4) | 



Count 

Decrementer 

(16) 



Address Registers 

Each of the four DMA channels has one 24-bit base 
address register and one 24-bit current address register. 
The base address register holds a value determined by 
the CPU and transfers this value to the current address 
register during autoinitialization (address and count 
are automatically initialized). The channel's current 
address register is incremented/decremented for each 
transfer and always contains the address of the data to 
be transferred next. 

Address Incrementer/Decrementer 

The address incrementer/decrementer updates the 
contents of the current address register whenever a 
DMA transfer completes. 

Count Registers 

Each of the four DMA channels has one 16-bit base 
count register and one 16-bit current count register. 
The base count register holds a value written by the 
CPU and transfers the value to the current count 
register during autoinitialization. A channel's current 
count register is decremented for each transfer and 



generates a terminal count when the count register is 
decremented to FFFFH. 

Note: The number of DMA transfer cycles is actually the value 
of the current count register + 1. Therefore, when pro- 
gramming the count register, specify the number of DMA 
transfers minus one. 

Count Decrementer 

The count decrementer decrements the contents of the 
current count register by one when each DMA transfer 
cycle ends. 

Control Registers 

The/iPD71071 containsthe following control registers. 



Channel 

Device 

Status 

Mode 

Temporary 

Request 

Mask 



These registers control bus mode, pin active levels, 
DMA operation mode, mask bits, and other//PD71071 
operating functions. 



NEC 



//PD71071 



Absolute Maximum Ratings 



Power supply voltage, Vno 


-0.5 to +7.0 V 


Input voltage, V| 


-0.5 to V DD + 0.3 V 


Output voltage, Vrj 


-0.5 to V DD + 0.3 V 


Operating temperature, Tqpt 


-40 to +85 °C 


Storage temperature, Tstg 


-65 to +150 °C 



Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance 

T A = 25°C 



Limits 



Parameter 



Symbol Typ Max Unit 



Test 
Conditions 



Output 
capacitance 


Co 


4 


8 


PF 


Input 
capacitance 


C| 


8 


15 


PF 



f c =1.0 MHz 
unmeasured 
pins returned 
toOV 



I/O capacitance 



Cio 



PF 



DC Characteristics 

T A = -40 to +85 °C, V DD = 5 V ±10% 



Limits 



Parameter 



Symbol Min Typ Max Unit 



Test 
Conditions 



Input high 
voltage 



Vih 



3.3 



V DD + V 
0.3 



CLK input pin 







2.2 




V D D + 
0.3 


V 


Other inputs 


Input low 
voltage 


Vil 


-0.5 




0.8 


V 




Output high 
voltage 


Voh 


0.7 V 0D 






V 


Ioh = -400//A 


Output low 
voltage 


Vol 






0.4 


V 


I l = 2.5 mA; 
4.5 mA (TC) 


Input leakage 
current 


Ili 






±10 


M 


V < V| < V DD 


Output leakage 
current 


"lo 






±10 


M 


ov<v <v DD 


Supply current 
(dynamic) 


■ddi 




15 


30 


mA 




Supply current 
(stable) 


>DD2 




10 




/"A 


Inputs stable 
outputs open 


Supply current 
(static) 


IDD2 




10 




M 
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AC Characteristics 

T A = -40 to +85°C, V DD = 5 V ±10% 


Parameter 


Symbol 


Mill 


Max 


Unit 


Test Conditions 


DMA Mode 


Clock cycle 


tCYK 


100 




ns 




Clock pulse width high 


tKKH 


39 




ns 




Clock pulse width low 


*KKL 


49 




ns 




Clock rise time 


*KR 




10 


ns 


1.5 V — 3.0 V 


Clock fall time 


tKF 




10 


ns 


3.0 V — 1.5 V 


Input rise time 


t|R - 




20 


ns 




Input fall time 


t|F 




12 


ns 




Output rise time 


l 0R 




20 


ns 




Output fall time 


tOF 




12 


ns 




DMARQ setup time to CLK high 


l SDQ 


20 




ns 


S1, SO, S3, SW, S4w 


HLDRQ high delay from CLK low 


l DHQH 


5 


70 


ns 


S1, S4w 


HLDRQ low delay from CLK low 


tDHQL 


5 


70 


ns 


S1, SO, S4w 


HLDRQ low level period 


tHQHQL 


2t C YK - 50 




ns 


S4w 


HLDAK high setup time to CLK low 


l SHA 


20 




ns 


SO, S4, S4w 


AEN high delay from CLK low 


tDAEH 


5 


70 


ns 


S1.S2 


AEN low delay time from CLK low 


tDAEL 


5 


70 


ns 


S1, S4w 


ASTB high delay time from CLK low 


^DSTH 


5 


70 


ns 


S1 


ASTB low delay time from CLK high 


{ DSTL 


5 


70 


ns 


S1 


ASTB high level period 


tSTSTH 


tKKL -15 




ns 




ADR/UBE/RD/WR active delay from 
CLK low (Note 1) 


l DA 


5 


80 


ns 


S1.S2 


ADR/UBE/RD/WR float time 
from CLK low 


tFA 





70 


ns 


S1, S4w 


ADR setup time to ASTB low 


tSAST 


t KKL -40 




ns 




ADR hold time to ASTB low 


l HSTA 


tKKH -20 




ns 
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AC Characteristics (cont) 


Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


DMA Mode (cont) 


ADR/UBE off delay time from CLK low 


l DAF 





70 


ns 


S1.S2 


RD low delay time from ADR float 


tDAR 


-10 




ns 




Input data delay time from MRD low 


l DMRID 




2t CY K " 80 


ns 


S12 


Input data hold time from MRD high 


tHMRID 







ns 


S14 


Output data delay time from CLK low 


l DOD 


10 


80 


ns 


S22 


Output data hold time from CLK high 


l HOD 


10 




ns 


S24 


Output data hold time from MWR high 


tHMWOD 


*KKL - 35 




ns 




RD low delay time from CLK high 


tDKHR 






ns 


S2 compressed timing 


RD low level period 


l RRL1 


2t C YK - 30 




ns 


Normal timing 




l RRL2 


l CYK + *KKH ~ 30 




ns 


Compressed timing 


RD high delay time from CLK low 


tDRH 


10 


70 


ns 


S4 


ADR delay time from RD high 


l DRA 


tcYK-30 




ns 




WR low delay time from CLK low 


*DWL1 


5 


50 


ns 


S3 normal write 


WR low delay time from CLK low 


tQWL2 


5 


50 


ns 


S2 extended write, normal timing 


WR low delay time from CLK high 


l DWL3 


5 


50 


ns 


S2 extended write, compressed timing 


WR low level period 


%WL1 


tCYK-30 




ns 


Normal write 




%WL2 


2t C YK - 30 




ns 


Extended write, normal timing 




*WWL3 


*CYK + t«KH - 30 




ns 


Extended write, compressed timing 


WR high delay from CLK low 


tDWH 


5 


50 


ns 


S4 


RD low delay time from CLK low 


l DKLR 


5 


50 


ns 


S2 normal timing 


RD, WR low delay from DMAAK active 


tDDARW 







ns 


S1.S2 


RD high delay time from WR high 


tDWHRH 


5 




ns 




DMAAK delay time from CLK high 


tDKHDA 


5 


70 


ns 


S1 I/O memory timing 


DMAAK delay time from CLK low 


l DKLDA 


10 


90 


ns 


S1 cascade mode 


DMAAK inactive delay time from 
CLK high 


l DDAI1 


5 




ns 


S4 
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AC Characteristics (cont) 


Parameter 


Symbol 


Min 


Max 


Unit 


Test Conditions 


DMA Mode (cont) 


DMAAK inactive delay time from 


*DDAI2 


5 


Ikkl + 70 


ns 


S4 cascade mode, HLDAK low HLDAK low in S4 




*DDAI3 




4t KK L + 70 


ns 


S4 cascade mode, HLDAK low except in S4 


DMAAK active level period 


tDADA 






ns 


Cascade mode 


TC low delay time from CLK high 


tDTCL 


5 


70 


ns 


S3 


TC off delay time from CLK high 


tDTCF 




30 


ns 


S4 


TC high delay time from CLK high 


*DTCH 




tKKH + tCYK-IO 


ns 


to 2.2 V (Note 2) 


TC low level period 


tTCTCL 


t C YK -15 




ns 




END low setup time to CLK high 


l SED 


20 




ns 


S2 


END low level period 


l EDEDL 


50 




ns 




READY setup time to CLK high 


*SRY 


20 




ns 


S3, SW 


READY hold time from CLK high 


tHRY 


10 




ns 


S3, SW 


Programming Mode and RESET 


I0WR low level period 


tlWIWL 


80 




ns 




CS low setup time to I0WR high 


l SCSIW 


80 




ns 




CS hold time from I0WR high 


tmwcs 







ns 




ADR/UBE setup time to I0WR high 


l SAIW 


80 




ns 




ADR/UBE hold time from I0WR high 


tmwA 







ns 




Input data setup time to I0WR high 


tSIDIW 


80 




ns 




Input data hold time from I0WR high 


l HIWID 







ns 




I0RD low level period 


t|RIRL 


120 




ns 




ADR/CS setup time to I0RD low 


tSAIR 


20 




ns 




ADR/CS hold time from I0RD high 


tHIRA 







ns 




Output data delay time from IORD low 


tDIROD 


10 


100 


ns 




Output data float time from IORD high 


tFIROD 




80 


ns 




RESET high level period 


tRESET 


2tcYK 




ns 




Vqd setup time to RESET low 


tSVDD 


500 




ns 




IOWR/IORD wait time from RESET low 


tSYIWR 


2tcYK 




ns 


RESET low to first read /write 


IOWR/IORD recovery time 


tRVIWR 


160 




ns 





Notes: 



(1 ) RD/WR refers to IORD or MRD and IOWR or MWR, respectively. 

(2) For END/TC, output load capacitance = 75 pF maximum. To 
meet the toTCH parameter use a 2.2-kO pull-u p resistor with a 
load capacitance of 75 pF. For other than END/TC, output load 
capacitance = 100 pF maximum. 
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Timing Waveforms 
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Timing Waveforms (cont) 

Memory-to-Memory Transfer Timing 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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Functional Description 

DMA Operation 

The //PD71071 functions in three cycles: idle, DMA, 
and standby. In an idle or standby cycle, the CPU uses 
the bus, while in a DMA cycle, the,uPD71071 uses it. 

Idle Cycle. In an idle cycle, there are no DMA cycles 
active, but there may be one or more active DMA 
requests; however, the CPU has not released the bus. 
TheyuPD71071 will sample the four DMARQ input pins 
at every clock. If one or more inputs are active, the 
corresponding DMA request bits (RQ) are set in the 
status register and the /uPD71071 sends a bus hold 
request to the CPU. The £fPD71071 continues to 
sample DMA requests until it obtains the bus. 

After the CPU returns a HLDAK signal and the 
/iPD71071 obtains the bus, the a<PD71071 stops DMA 
sampling and selects the DMA channel with the highest 
priority from the valid DMA request signals. Program- 
ming of the/>(PD71071 is done when the//PD71071 isin 
the idle cycle or the standby mode. 

DMA Cycle. In a DMA cycle, the//PD71 071 controls the 
bus and performs DMA transfer operations based on 
programmed information. Figure 1 outlines the sequen- 
tialflow of a DMA operation. 

Standby Mode. The //PD71071 can also be used in 
standby mode. It is in standby mode and consumes the 
static supply current (Idd2) when the clock is turned off 
and no I/O read or write operations are being per- 
formed. All internal registers will retain their contents. 



The//PD710 71 can be programmed (using IOWR) and 
read (using IORD) with the clock off. The/iPD71071 
only uses the clock for the DMA data transfer cycles. 
The clock may be turned off without altering the 
internal registers when the //PD71071 is in the idle 
cycle. If the clock is turned off during a DMA transfer, 
the £(PD71071 will not operate correctly. When the 
clock is off, the DMARQ inputs will not be recognized. 
The DMARQ inputs could beexternally logically ORed 
and cause an interrupt to the CPU. The CPU could then 
turn on the clock, thus activating the /yPD71071. If the 
previously programmed mode of operation is still valid, 
the/iPD71071 does not have to be reprogrammed. 

Data Bus Width 

In order to allow an easy interface with an 8- or 16-bit 
CPU, the data bus width of the //PD71071 is user 
programmable for 8 or 16 bits. A 16-bit data bus allows 
16-bit memory-to-memory DMA transfers and also 
provides a one-l/O bus cycle access to the 16-bit 
internal registers. 



Tab le 1 shows the relationship of the data bus width, 
Aq, UBE, and the internal registers. 



Table 1. 


Data Bus Width 


Bus Width 


*o 


UBE Internal Read/Write Registers 


8 bits 


X 


X D7-D0 " * 8-bit internal register 


16 bits 





1 D7-D0 "" *" 8-bit internal register 




1 


D15-D8 * *" 8-bit internal register 







D15-D0 "* *" 16-bit internal register 



Figure 1. DMA Operation Flow 
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Terminal Count 

The/;PD71071 ends DMA service whe n it generates a 
terminal count (TC) or when the END input becomes 
active. A terminal count is produced when a borrow is 
generated by the current count register and a low-level 
pulse is output to the TC pin. Figure 2 shows that the 
current count register is tested after each DMA 
operation. 

If autoinitialize is not set when DMA service ends, the 
mask register bit applicable to the channel where 
service ended is set, and the DMARQ input of that 
channel is masked. 

DMA Transfer Type 

The type of transfer the//PD71071 performs depends 
on the following conditions. 

• Memory-to-memory transfer enable 

• Direction of memory-to-l/O transfer (each channel) 

• Transfer mode (each channel) 

• Bus mode 

Memory-to-Memory Transfer Enable. The //PD71071 
can perform memory-to-l/O transfers (one transfer 
cycle in one bus cycle) and memory-to-memory trans- 
fers (one transfer in two bus cycles). To select 
memory-to-memory transfer, set bit of the device 
control register to 1. The DMA channels used in 
memory-to-memory transfers are fixed, with channel 
as the source channel and channel 1 as the destination 
channel. Channels 2 and 3 cannot be used in memory- 
to-memory transfers. The contents of the count 
registers and word/byte transfer modes of channels 
and 1 should be the same when performing memory- 
to-memory transfer. 

Figure 2. Generation of Terminal Count (TC) 
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For memory-to-memory byte transfer in 16-bit data 
bus mode, a read data from upper data bus is to be 
written to upper data bus, while a read data from lower 
data bus is to be written to lower data bus. Therefore, 
start addresses for source and destination must be the 
even-even or odd-odd. For word transfer, only even- 
even addresses are to be set forsource and destination. 
(See Byte/Word Transfer paragraphs below.) When 
DMARQO (channel 0) becomes active, the transfer is 
initiated. 

During memory-to-memory bus cycles in the 16-bit 
mode, data read from the DMAC's upper (lower) data 
bus is written to the upper (lower) data bus of the 
destination device. Thus, for word transfers, only even 
source and destination addresses should be used. 

The DMA request input pin or a software DMA request 
to channel may initiate memory-to-memory transfers. 
The//PD71071 performs the fo llowi ng operations until 
a channel 1 terminal count or END input is present: 

• During the first bus cycle, the memory data pointed 
to by the current address register of channel is 
read into the temporary register of the //PD71071 
and the address and count of channel are updated. 

• During the second bus cycle, the temporary register 
data is written to the memory location shown by the 
current address register of channel 1, and the 
address and count of channel 1 are updated. 

Note: If DMARQ1 (channel 1) becomes active, the£/PD71071 
will perform memory-to-l/O transfer even though memory-to- 
memory transfer is selected. Since this may cause erroneous 
memory-to-memory transfers, mask out channel 1 (DMARQ1) 
by setting bit 1 of the mask register to 1 before starting 
memory-to-memory transfers. 

During memory-to-memory transfers, the addresses 
on the source side (channel 0) can be fixed by setting 
bit 1 of the device control register to 1 . 1 n this manner, a 



Figure 3. 
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range of memory can be initialized with the same value 
since the contents of the source address never change. 
During memory-to-memory transferee DMAAK signal 
and channel O's terminal count (TC) pulse are not 
output. (See figure 3.) 

Direction of Memory-to-l/O Transfers. All DMA trans- 
fers use memory as a reference point. Therefore, a 
DMA read reads a memory location and writes to an I/O 
port. A DMA write reads an I/O port and writes the data 
to a memory location. In memory-to-l/O transfer, use 
the mode control register to set one of the transfer 
directions in table 2 for each channel and activate the 
appropriate control signals. 



Table 2. Transfer Direction 




Transfer Direction 


Activated Signals 


Memory — ► I/O (DMA read) 


I0WR, MRD 


I/O — *■ memory (DMA write) 


I0RD, MWR 


Verify 

(Outputs addresses only. Does not 

perform a transfer.) 





Transfer Modes. In memory-to-l/O transfer, the mode 
control register selects the single, demand, or block 
mode of DMA transfer for each channel. The conditions 
for the termination of each transfer characterize each 
transfer mode. Memory-to-memory transfers have no 
relationship to single, demand, or block mode. Memory-to- 
memory transfers are a separate and distinct type of 
transfer mode. Table 3 shows the various transfer 
modes and termination conditions. 

Table 3. Transfer Termination 



Transfer Mode 


End of Transfer Conditions 


Single 


After each byte/word 


Demand 


END input 

Generation of terminal count 

When DMA request of the channel in service 

becomes inactive 

When DMA request of a channel in higher priority 

becomes active (bus hold mode) 


Block 


END input 

Generation of terminal count 


Memory-to- 
memory 


END input 

Generation of terminal count 



Bus Modes. The device control register selects either 
the bus release or bus hold mode. The bus mode 
determines when the//PD71071 returns the system bus 
to the CPU.The/yPD71071 can be in either the release 
or hold modes for the single, demand, or block mode 
transfers. Therefore, there are six possible mode 
combinations. 



Figure 4 shows that in bus release mode, only one 
channel can receive service after obtaining the bus. 
When DMA service ends (end of transfer conditions 
depend on the transfer mode), the channel returns the 
bus to the CPU (regardless of the state of other DMA 
requests) and the /;PD71071 enters the idle cycle. 
When the/;PD71071 regains use of the bus, a new DMA 
operation begins. 



Figure 4. Bus Modes 
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In bus hold mode, several channels can receive service 
without releasing the bus after obtaining it. If there is 
another valid DMA request when a channel's DMA 
service is finished, the new DMA service can begin 
after the previous service without returning the bus to 
the CPU. End of transfer conditions depend on the 
transfer mode. A channel cannot terminate (end count) 
a transfer mode and immediately start on its next set of 
transfers. There must be another DMA channel service 
interleaved or the A/PD71071 will put in an idle cycle. 
The following shows an example of the possible se- 
quences for Channel 2. 

CHAN2 — CHANn (n = 0,1,3) —• CHAN2 

or, 

CHAN2 — idle — » CHAN2 

The operation of single, demand, and block mode 
transfers depends on whether the//PD71071 is in bus 
release or bus hold mode. In bus release mode, only 
one type of bus mode (single, demand, or block) is 
used each time theyuPD71071 has the bus. In bus hold 
mode, multiple types of transfers are possible. Channel 
might operate in the demand mode, and channel 1, 
which could get the bus immediately after channel 0, 
could operate in block mode. 

Single Mode Transfer 

In bus release mode, when a channel completes the 
transfer of a single byte or word, the//PD71071 enters 
the idle cycle regardless of the state of the DMA 
request inputs. In this manner, other devices will be 
able to access the bus on alternate bus cycles. 
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In bus hold mode, when a channel completes the 
transfer of a single byte or word, the //PD71071 
terminates the channel's service even if it is still 
asserting a DMA request signal. The //PD71071 will 
then service the highest priority channel requesting 
the bus. If there are no requests from any other 
channel, theyuPD71 071 releases the bus and enters the 
idle cycle. 

Demand Mode Transfer 

In bus release mode, the currently active channel 
continues its data transfer as long as the DMA request 
of that channel is active, even though other DMA 
channels are issuing higher priority requests. When 
the DMA request of the serviced channel becomes 
inactive, the//PD71071 releases the bus and enters the 
idle state, even if the DMA request lines of other 
channels are active. 

In bus hold mode, when the active channel completes 
a single transfer, the //PD7107 1 che cks DMA request 
lines (other request lines when END or TC, all request 
line s inc luding the last serviced channel when there is 
no END or TC). If there are active requests, the 
/iPD71071 starts servicing the highest priority channel 
requesting service. If there is no request, the//PD71071 
releases the bus and enters the idle state. 

Block Mode Transfer 

In bus release mode, the current channel conti nues 
data transfer until a terminal count or the external END 
signal becomes active. During this time, the/uPD71071 
ignores all other DMA requests. After completion of 
the block transfer, the//PD71071 releases the bus and 
enters the idle cycle even if DMA requests from other 
channels are active. 

In bus hold mode, the current channel tr ansfe rs data 
until a terminal count or the external END signal 
becomes active. When the service is complete, the 
/7PD71071 checks all DMA requests without releasing 
the bus. If there is an active request, the //PD71071 
immediately begins servicing the request. The 
yuPD71071 releases the bus after it honors all DMA 
requests or a higher priority bus master requests the 
bus. 

Figure 5 shows the operation flow for the six possible 
transfer and bus mode operations in DMA transfer. 

Byte/Word Transfer 

If the initialize command selects a 16-bit data bus 
width, the mode control register can specify DMA 
transfer in byte or word units for each channel. Table 
4 shows the update of the address and count registers 
during byte/word transfer. 



Table 4. 


Address and Count Registers 


Register 


Byte Transfer Word Transfer 


Address 


±1 ±2 


Count 


-1 -1 



During word transfers, two bytes starting at an even 
address are handled as one word. If word transfer is 
selected and the initial value of the set address is odd, 
the/uPD71071 will always decrement that address by 1 , 
thus making the address even for the data transfer. For 
this reason, it is best to select even addresses when 
trans ferring words, to avoid destroying data. An and 
UBE control byte and word transfers. 

Table 5 show s the relationship between the data bus 
width, An and UBE signals, and data bus status. 

Table 5. Data Bus Status 



Data Bus Width 


Ao 


UBE 


Data Bus Status 


8 bits 


X 


KD 


D7-D0 valid byte 


16 bits 





1 


D7-D0 valid byte 




1 





D-15-D8 valid byte 










D15-D0 valid word 


Note: 

(1) Always 1 for an 


8-bit bus. 







Compressed Timing 

In transfers between I/O and memory, a DMA transfer 
cycle is normally executed in four clocks. However, 
when the device control register selects compressed 
timing, one DMA cycle can be executed in a three-clock 
bus cycle. Compressed timing may be used in the 
release or hold modes when doing block transfers 
between I/O and memory. In the demand mode, only 
use compressed timing in the bus release mode. 
Compressed timing mode increases data transfer rates 
by 33%. 

The/uPD71071 is able to omit one clock period during 
compressed timing by not updating the upper 16 bits 
of the latched address. In block mode and demand bus 
release mode, addresses are output sequentially and 
the upper 16 bits of addresses latched in external 
latches need not be updated except after a carry or 
borrow from A7 to As. For this reason, during compres- 
sed timing, the S1 state (output of upper 16 bits of an 
address for external latching) is omitted in the bus 
cycles except during the first bus cycle when the upper 
16 bits of an address are changed. Figure 6 shows one 
word waveforms for normal and compressed timing. 
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Figure 5. Transfer and Bus Modes Operations 
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Figure 6. Normal and Compressed Timing Waveforms Autoinitialize 
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Software DMA Requests 

The/yPD71071 can accept software DMA requests in 
addition to DMA requests from the four DMARQ pins. 
Setting the appropriate bit in the request register 
generates a software DMA request. The mask register 
does not mask software DMA requests. Software DMA 
requests operate differently depending on which bus 
or transfer mode is used. 

Bus Mode. When bus release mode is set, the highest 
priority channel among software DMA requests and 
DMARQ pins is serviced, and all bits of the request 
register are cleared when the service is over. Therefore, 
there is a chance that other software DMA requests will 
be cancelled. 

When bus hold mode is set, only the corresponding bit 
of the request register is cleared after a DMA service is 
over. Therefore, all software DMA requests will be 
serviced in the sequence of their priority level. 

Software DMA requests for cascade channels (see 
Cascade Connection) must be performed in bus hold 
mode. When a cascade channel is serviced, the master 
//PD71071 operational mode is changed to bus release 
mode temporarily and all bits of the request register 
are cleared when the cascade channel service is over. 
To avoid this, it is necessary to mask any cascade 
channels before issuing a software DMA request. After 
confirming that all DMA software services are complete 
and all bits of the request register are cleared, the 
cascade channel masks can be cleared. 

Transfer Mode. When single or demand mode is set, 
the applicable request bits are cleared and software 
DMA service ends with the transfer of one byte/word. 
When block mode or mem ory-t o-memory modes are 
set, service continues until END is input or a terminal 
count is generated. Applicable request bits are cleared 
when service ends. 



When the mode control register is set to autoinitialize a 
channel, the /yPD71071 automatic ally initializes the 
address and count registers when END is input or a 
terminal count is generated. The contents of the base 
address and base count registers are transferred to the 
current address and current count registers, respect- 
ively. The applicable bit of the mask register is 
unaffected. The applicable bit of the mask register is 
set for channels not programmed for autoinitialize. 

The autoinitialize function is useful for the following 
types of transfers. 

Repetitive Input/Output of Memory Area. Figure 7 
shows an example of DMA transfer between a CRT 
controller and memory. After setting the value in the 
base and current registers, autoinitialize allows re- 
petitive DMA transfer between the CRT controller and 
the video memory area without CPU involvement. 

Continuous Transfer of Several Memory Areas. The 

CPU can indirectly write to the address or count 
registers by writing to the base registers. New values 
can be written to the base registers. In the autoinitialize 
mode, the value in the base register will be transferred 
to the address/count registers when termination is 
reached in the address/count registers. Because of 
this, theautoinitialize function can perform continuous 
transfer of several contiguous or noncontiguous mem- 
ory areas during single or demand bus release modes 
in the following manner. 

During the transfer of data in area 1 (the first area being 
transferred), the CPU can write address and count 
information about area 2 (the second area to be 
transferred). Generation of a terminal count for area 1 
results in the transfer of information of area 2 to the 
address and count registers. This will cause area 2 to 
be transferred. Figure 8 illustrates this procedure. 

Channel Priority 

Each of the /iPD71071's four channels has its own 
priority. When there are DMA requests from several 
channels simultaneously, the channel with the highest 
priority will be serviced. The device control register 
selects one of two channel priority methods: fixed and 
rotational priority. In fixed priority, the priority (starting 
with the highest) is channel 0, 1, 2, and 3, respectively. 
In rotational priority, priority order is rotated so that 
the channel that has just been given service receives 
the lowest priority and the next highest channel 
number is given the highest priority. This method 
prevents exclusive servicing of some channel(s). 
Figure 9 shows the two priority order methods. 
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Figure 7. Autoinitialize Application 1 
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Figure 8. Autoinitialize Application 2 
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Figure 9. Priority Order 
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Cascade Connection 

The//PD71071 can be cascaded to expand the system 
DMA channel capacity. To connect a //PD71071 for 
cascading (figure 1 0), perform the following operations. 

(1) Connect pins HLDRQ and HLDAK of the second- 
stage (slave) //PD71071 to pins DMARQandDMAAK 
of any channel of the first-stage (master) 
//PD71071. 

(2) To select the cascade mode of a particular channel 
of a master //PD71071, set bits 7 and 6 of that 
channel's mode control register to 1 1 . 

When a channel is set to the cascade mode in a master 
//PD71071, DMARQ, DMAAK, HLDRQ, HLDAK, and 
RESET are the only valid signals in the master 
//PD71071. The other signals are disabled. The master 
cascade channel only intermediates hold request/hold 
acknowledge between the slave and CPU. 

The master //PD71071 always operates in the bus 
release mode when a cascade channel is in service 
(even when the bus hold mode is set). Other DMA 
requests are ignored while a cascade channel is in 
service. When the slave //PD71 071 ends DMA service 
and moves into an idle cycle, the master also moves to 
an idle cycle and releases the bus. At this time, all bits 
of the master's request register are cleared. The master 
operates its non-cascaded channels normally. 

Figure 10. Cascade Connection Example 



Bus Wait Operation 

In systems using a//PD70208/70216 (V40/V50) as the 
CPU, the refresh control unit in the CPU changes the 
HLDAK signal to inactive (even during a DMA cycle) 
and uses the bus. Here, the//PD71071 automatically 
performs a bus wait operation. This system has a bus 
master (V40/V50) whose priority level is higher than 
that of the /(/PD71 071. 

The/uPD71071 executes the bus wait operation when 
the HLDAK signal becomes inactive in an operating 
mode where transfer is executed continuously in block 
mode, during demand bus release mode, or during 
memory-to-memory transfer. 

When HLDAK becomes inactive during service in other 
operating modes, the operation returns to the idle 
cycle and transfers control of the bus to the higher bus 
master. 

Figure 1 1 shows that when the HLDAK signal becomes 
inactive during a continuous transfer, the//PD71071 is 
set up in an S4w state (bus wait). Operation moves to 
the idle cycle if DMARQ is inactive in the demand 
mode. The HLDRQ signal is made inactive for a period 
of about two clocks and the bus is released. The S4w 
state is repeated until the HLDAK signal again becomes 
active and the interrupted service is immediately 
restarted. 
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Figure 11. 


Bus Wait Operation 
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Programming the //PD71071 

To prepare a channel for DMA transfer, you must select 
the following characteristics. 

• Starting address for the transfer 

• Number of byte/word transfers 

• DMA operating modes 

• Data bus widths 

• Active levels of the DMARQ and DMAAK signals 

When reading from or writing to a/^PD71071 in ternal 
reg ister, a ddress lines A 3 -A select the register, IORD 
or IOWR select the data transfer direction, and CS 
enables the transfer. Table 6 shows the register and 
command configurations. 

Table 6. Register Configuration 



Register 


Bit size 


Channel 


5 


Base address 


24 (4) 


Current address 


24(4) 


Base count 


' 16(4) 


Current count 


16(4) 


Mode control 


7 (4) 


Device control 


10 


Status 


8 


Request 


4 


Mask 


4 


Temporary 


16 



Note: 

When using a 16-bit CPU and selecting a 16-bit data bus, the word 
IN/OUT instruction can be used to read/write information two bytes 
at a time. However, commands in table 7 suffixed with B must be 
issued with the byte IN/OUT instruction. 



Initialize 

Use the initialize command as a software initialize to 
the /iPD71 071 or to set the width of the data bus. When 
using a 16-bit CPU, set the data bus width to 16 bits 
first. Figure 12 shows the initialize command format. 

Bit 0. When the RES bit is set, the internal state of the 
//PD71071 is initialized and will be the same as when a 
hardware reset is used (except for data bus width 
selection). A software reset leaves bit 16B intact 
whereas a hardware reset selects the 8-bit data bus. 
After initialization, the registers are as in table 8 and the 
RES bit is cleared automatically. 

Table 8. Register Initialization 



Register 


Initialization Operation 


Initialize 


Clears bit only 


Address 


No change 


Count 


No change 


Channel 


Selects channel 0, current and base 


Mode control 


Clears all bits 


Device control 


Clears all bits 


Status 


Clears bits 3-0 only 


Request 


Clears all bits 


Mask 


Sets all bits (masks all channels) 


Temporary 


Clears all bits 



Bit 1. The 16B bit determines the data bus width. When 
using the //PD71071 in a 16-bit system, set this bit 
immediately after a hardware reset since a hardware 
reset always initializes it to the 8-bit data bus mode. 
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Table 7. Command Configuration 



W(B) 



R/W 
R/W 



R/W 
R/W 
R/W(B) 



R/W 
R/W 



Command Name 



Channel Register 
Read 



Count Register 
Read/Write 



Device Control 
Reg. Read/Write 



Mode Control 
Reg. Read/Write 



Status Register 
Read 



Temporary Reg. 
(lower) Read 



Temporary Reg. 
(higher) Read 



Request Reg. 
Read/Write 



Mask Reg. 
Read /Write 



I — I — I — I — I — I — I 16B | RES | 




| — | — | — | BASE| SEL3 | SEL2 | SEL1 | SELO | 




I — I — I — I — I — I base| seLch I 




| C7 | C6 | C5 | C4 | C3 | C2 | C1 | CO | 




| C15 | C14 | C13 | C12 | C11 | C10 ] C9 | C8 ] 




| A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO | 




| A15 | A14 | A13 | A12 | A11 | A10 | A9 | AS [ 




| A23 | A22 | A21 | A20 | A19 | A18 | A17 | A16 | 




[ AKL | RQL | EXW | ROT | CMP |DDMA| AHLD| MTM | 




I — I — I — I — I— I— I WEV | BHLD | 




| TMODE | ADIR | AUTI | TDIR | — | W/B | 




| RQ3 | RQ2 | RQ1 | RQO | TC3 | TC2 | TC1 | TCO | 




| T7 | T6 | T5 | T4 | T3 | T2 | T1 | TO | 




| T15 | T14 | T13 | T12 | T11 | T10 | T9 | T8 | 




I — I — I — I — |SRQ3| SRQ2|SRQ1| SRQ0| 




| — | — | — | — | M3 | M2 | M1 I MO | 



Figure 12. Initialize Command Format 
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- 


- 


- 


- 


| 16B 


RES 


OUT (Byte only) 




















L 


Software 
Reset 





No operation 


1 


Reset 


16-bit 
data bus 





S-bit data bus 








1 


16-bit data bus 







Channel Register 

This command reads and writes the channel register 
that selects one of four DMA channels for programming 
the address, count, and mode control registers. 
Figure 1 3 shows the channel register read/write format. 

Channel Register Read 

SEL3-SEL0. These mutually exclusive bits show which 
of the four channels is currently selected for 
programming. 

BASE. Base = 0. The current register may be read. 
During a write, the base and current registers will be 
written to simultaneously. 



Base = 1. Only the base registers may be read or 
written to. 

Channel Register Write 

SELCH. This bit selects the channel to be programmed. 

BASE. Base = 0. The current register may be read. 
During a write, the base and current registers will be 
written to simultaneously. 

Base = 1. Only the base registers may be read or 
written to. 
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Figure 13. Channel Register Format 



Channel Register Read 



I - 1- 


| — [ BASE | SEL3 | SEli | SEL1 | SELO 


IN [Byte only] 






..I 


I 








Selected 
Channel 


0001 


Channel 




0010 


Channel 1 








0100 


Channel 2 






1000 


Channel 3 









Select Current (read), 
select both Base and 
Current (write) 














1 


Select Base (read/write) 



Channel Register Write 



I - I - I - I - I - |BASE| SELCH 


OUT (Byte only) 






1 


1 










Selected 
Channel 


00 


Channel 




01 


Channel 1 








10 


Channel 2 






11 


Channel 3 




Base Only 





Select Current (read), 
select both Base and 
Current (write) 








1 


Select Base (read/write) 



Count Register Read/Write 

When the 16-bit bus mode is selected, the IN/OUT 
instruction can directly transfer 16-bit data. The 
channel register selects one of the count registers. 
When bit 2 of the channel register write is cleared, a 
write to the count register updates both the base and 
current count registers with the new data. If bit 2 of the 
channel register write is set, a write to the count 
register only affects the base count register. 

The base count registers hold the initial count value 
until a new count is specified. If autoinitialize is 
enabled, this valu e is tr an sfer red to the current count 
register when an END or TC is generated. For each 
DMA transfer, the current count register is decre- 
mented by one. Figure 14 shows the count register 
read/write format. 



The base register holds the starting address value until 
a new setting is made and this value is transferred to 
the current address register during autoinitialization. 
For each DMA transfer, the current address register is 
updated ±2 during word transfer and ±1 during byte 
transfer. Figure 15 shows the address register read/ 
write format. 

Device Control Register Read/Write 

The device control command reads from and writes to 
the device control register. When using a 16-bit data 
bus, use the word IN/OUT instruction to read and write 
1 6-bit data. Figure 1 6 shows the device control register 
read/write format. 



Address Register Read/Write 

When a 16-bit data bus width is selected, the IN/OUT 
instruction can directly transfer the lower two bytes 
(4H and 5H) of the register. You must use the byte 
IN/OUT instruction with the upper byte (6H) of the 
register. The channel register selects one of the address 
registers. When bit 2 of the channel register is cleared, 
a write to the address register updates both the base 
and current address registers with the new data. If bit 2 
of the channel register is set, a write to the address 
register only affects the base address register. 



24 



NEC 



//PD71071 



Figure 14. Count Register Read/Write Format 
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c 7 
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c 4 


c 3 
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Figure 15. Address Register Read/Write Format 
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In/Out 




7 6 5 4 3 2 10 




5H 


A15 A14 A13 A12 An A10 Ag Ag 


In/Out 




7 6 5 4 3 2 10 




6H 


A23 A22 A21 A20 Aig A18 A17 A16 


In/Out 






83-001952A 



Figure 16. Device Control Register Read/Write Format 
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Mode Control Register Read/Write 

This command reads from and writes to the mode 
control register to specify the operating mode for each 
channel. The channel register selects the mode control 
register to be programmed. This command must be 
issued by the byte IN/OUT instruction. Figure 17 
shows the mode control register read/write format. 

Status Register Read 

This command reads the status register for the in- 
dividual DMA channels. The re giste r has DMA request 
states and terminal count or END information. This 
command must be issued by the byte IN instruction. 
Figure 18 shows the status register read format. 

Temporary Register Read 

When a 16-bit data bus is selected, the IN instruction 
will read 16-bit data with this command. The last data 
transferred in memory-to-memory transfer is stored in 
the temporary register. Figure 1 9 shows the temporary 
register read format. 

Request Register Read/Write 

This command reads from and writes to the request 
register to generate DMA requests by software for the 
four corresponding DMA channels. This command 
may be issued by the byte IN/OUT instruction. 
Figure 20 shows the reguest register read/write format. 

Figure 1 7. Mode Control Register Read/Write Format 



Mask Register Read/Write 

This command reads from and writes to the mask 
register to mask or unmask external DMA requests for 
the corresponding four DMA channels (DMARQ3- 
DMARQO). This command may be issued by the byte 
IN/OUT instruction. Figure 21 shows the mask register 
read/write format. 

DMA Transfer Modes 

Figures 22-27 show state transition diagrams for the 
different modes of DMA transfer. 

Figure 23 shows the state of a master //PD71 071 when 
an input from a slave //PD71 071 (cascaded /yPD71 071) 
is using the system bus. 

Transfer Timing 

Figures 28-30 show/yPD71071 timing waveforms. 

Examples of System Configuration 

Figures 31-32 show system configuration examples 
using the 8- bit //PD701 08 CPU and the 1 6-bit)uPD701 1 6 
CPU. The//PD71082 externally latches addresses and 
data. 



| TMODE | ADIR | AUTI | TDIR | — | W/B 














L_ 


J L 






Word/byte 
Transfer [1] 





Byte 




1 


Word 




Transfer 
Direction [2] 


00 


Verify 




01 


l/O-to-memory 








10 


Memory-to-l/O 






11 


Not allowed 




Auto- 
Initialize [3] 





Disable 








1 


Enable 






Address 
Direction [4] 





Increment 








1 


Decrement 






Transfer 
Mode [5] 


00 


Demand 




01 


Single 






10 


Block 




11 


Cascade 



[1 ] This bit selects byte or word transfer for DMA transfers. This bit is used only 

in 16-bit data bus mode. 
[2] These bits select the DMA transfer direction between memory and I/O. These bits 

are meaningless during memory-to-memory transfer. 
[3] Channel and 1 must have the same AUTI bit value when performing 

memory-to-memory transfer. 
[4] This bit decides the update direction of the Current Address Register. When ADIR is 0, 

the register increments by 1 for a byte transfer and by 2 for a word transfer. When ADIR is 1 , 

the register decrements by 1 for a byte transfer and by 2 for a word transfer. 
[5] These bits select the transfer mode during DMA transfer between memory and I/O and are 

meaningless during memory-to-memory transfer. 
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Figure 18. Status Register Read Format 
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49-000607B 


OBH | RQ 3 | RQ2 | RQl | RQo | TC 3 | TC2 j TC1 | TC 


IN (Byte only) 
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Count 





Not ended (for each read) 


1 


END or terminal 
count 








DMA 
Request 

[1] 





No DMA request active 


1 


External DMA 
request present 






Note: 

[1] Bits RQ3-RQ0 will be set if an external hardware DMA request is pending even if 

its request bit is masked. Software-generated DMA requests, hardware reset, and 

software reset will not affect these bits. 



Figure 19. Temporary Register Read Format 
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Figure 20. 


Request Register Read/Write Format 












7 6 5 4 3 2 10 


IN/OUT (Byte only) 


83-001 887B 


OEH [ — | — | — | — | SRQ3 1 SRQ2 1 SRQ1 1 SRQO 


I 


Software DMA 
Request [1] 





Reset 




1 


Set 


Note: 

[1] In memory-to-memory applications, only bit SRQO will be cle 
at terminal count or when an END input is present. 


ared 



Figure 21. 


Mask Register Read/Write Format 
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IN/OUT (Byte only) 


49-000609B 


0FH | — | — | — | — | M3 | M2 | M1 | M0 


| 


DMARQ 
Mask [1] 





Not masked 




1 


Masked 


Note: 

[1] In memory-to-memory applications, only bits M0 and M1 will b 
at terminal count or when an END input is present. 
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Figure 22. Idle Cycle 
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Figure 23. DMA Cycle, Cascade Mode 



Figure 24. DMA Cycle, Single Mode 
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Figure 25. DMA Cycle, Demand Mode 
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END Flag Set 




[1] Carry or borrow to upper two bytes of address? 
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Figure 26. DMA Cycle, Block Mode 
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END Flag Set 





[1] Carry or borrow to upper two bytes of address? 
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Figure 27. DMA Cycle, Memory-to-Memory Transfer 



S11-S14: Channel Operation 
S21-S24: Channel 1 Operation 
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Figure 28. Memory-I/O Transfer, Normal Timing 
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Figure 29. Memory-I/O Transfer, Compressed Timing 
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[1] When an 8-bit data bus is selected, D 15 -D 8 are not used. Therefore, A 23 -Ai 6 are 

not multiplexed address/data signals and will have the same timing as A7-A0. 
[2] The broken lines of the write signal are for extended write timing. 
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Figure 30. Memory-to-Memory Transfer 
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[1] When an 8-bit data bus is selected, D15-D8 are not used. Therefore, A23-A16 

are not multiplexed address/data signals and will have the same timing as A7-A0. 
[2] The broken lines of the MWR signal are for extended write timing. 



Figure 31. END/TC Input/Output 
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Figure 32. System Configuration with //PD70108 
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Figure 33. System Configuration with fjPD70116 
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#fPD71082, 71083 
8-Bit Latches 



Description 

jaPD71082 and /uPD71083 are CMOS 8-bit transparent 
latches with three-state output buffers. They are used as 
bus buffers or bus multiplexers in microprocessor sys- 
tems. Their high-drive capability makes them suitable for 
data latch, buffer, or I/O port applications. 

Features 

n CMOS technology 

n 8-bit parallel data register 

n Three-state output buffer 

° High drive capability output buffer (Iol = 12 mA) 

a jiPD8085A, 8048, 8086, 8088, mPD70108/116, and 
/*PD70208/216 system compatible 

e jiPD71082 — non-inverted output; 
/*PD71083 — inverted output 

n Single +5 V ±10% power supply 

n Transparent operation 

n Industrial temperature range: -40 to +85°C 



Pin Configurations 
20-Pin Plastic DIP 













DIoC 


1 


W 


20 


3 Vdd 


DM C 2 




19 


3 DO0/DO0 


DI2C 


3 




18 


3 DO1/DO1 


DI3C 


4 


m 

CO 


17 


3 DO2/DO2 


DUC 


5 


CO 


16 


3 DO3/DO3 


DI5C 


6 


h. 


15 


3 DO4/DO4 


DieC 


7 


0. 

a. 


14 


3 DO5/DO5 


DI7C 


8 




13 


J DO6/DO6 


OEC 


9 




12 


3 DO7/DO7 


VssC 


10 




11 


3 STB 
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20-Pin Plastic SOP 



Ordering 


Information 




Part Numbei 


Package 


Output 


fiPD71082C 


20-pin plastic DIP 


Non-inverted 


fiPD71082G 


20-pin plastic SOP 




pPD71083C 


20 -pin plastic DIP 


Inverted 


juPD71083G 


20-pin plastic SOP 





Dl0 DC 1 Q 

DM UL 2 

DI2DX 3 

DI3 or 4 

DI4 DI 5 

Dl 5 UL 6 

Dl6 OT 7 

DI7 or 8 

OEDT 9 

Vss DE 10 



3D Vdd 

3D DO0/DO0 
3D DO1/DO1 
3D DO2/DO2 
3D DO3/DO3 
3D DO4/DO4 
3D DO5/OO5 
3D DO6/DO6 
3D DO7/DO7 
3D STB 



Pin Identification 


Symbol 


Function 


DI -DI 7 


Data input, bits 0-7 


DOo-DOy/ 

dOq-dov 


Data output, bits 0-7; non-inverted (juPD71082) 
or inverted (juPD71083) 


STB 


Strobe input 


OE 


Output enable input 


Vdd 


+5 V power supply 


Vss 


Ground 
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PIN FUNCTIONS 

DI0-DI7 (Data Input) 

DI -DI 7 are data input lines to the 8-bit data latch. Data 
on Dl lines passes through the latch while STB is high. 
The data is latched to DO/DO with the falling edge of 
STB. 

DO0-DO7/DO0-DO7 (Data Output) 

DO0-DO7/DO0-DO7 are the three-state data output lines 
from the 8-bit data latch. When 0"E is high, these lines go 
into the high-impedance state. When OE is low, data 
from the latch is output, either non-inverted GaPD71082) 
or inverted OiPD71083). 

STB (Strobe) 

STB is the input strobe signal for the 8-bit latch. When 
STB is high, data on the Dl lines passes through the 8-bit 

Block Diagram 



latch. Data is latched on the falling edge of STB. When 
STB is low, the DO0-DO7/DO0-DO7 outputs do not 
change. 

OE (Output Enable) 

OE inpu t is the output enable signal for the three-state 
DO/DO lines. When QE is high, DO/DO lines are high 
impedance. When OE is low data from the 8-bit latch is 
output to DO0-DO7/DO0-DO7. See table 1. 



Table 1. 


Latch Operation 




STB OE 


DOo-DOy/DOo-DOV 


8-Blt Data Latch 


Low Low 


Latched data from 8-bit 
data latch is enabled 


Dl line data has been 
latched with falling edge 


High 


High impedance 


" of STB (high to low) 


High Low 


Data on DI0-DI7 


Dl passed through to 


High 


High impedance 


" DO/DU 



/UPD71082 
Ol O 



STB O- 



DH o 1 



Dl2 
DI3 
dm o j 

r 

Dl 5 O 1 

L 

Dl6 O 1 

Dl 7 



"O" 



.!_■ 



-O DOo 



1 



L^ 



DO! 



l O DO2 



1 



4 



^o 



do 4 
do 5 

D0 6 
DO7 



I 



//PD71083 
OE O 



STB O- 



Dl2 O 1 



Dl 3 o — j 
DU o — i 
Dl5 

Dl 6 

Dl7 



-[> 



£^0 1 O DOo 



| 



L^> 



I 



I — o D0 3 



1 



I O DO4 



I 

~l 



D0 5 



I O D06 



1 



I J 
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FUNCTIONAL DESCRIPTION 

The /iPD71082 and jiPD71083 are 8-bit data latches 
strobed by the STB signal. They have high-drive capa- 
bility output buffers controlled by the OE signal. Data on 
the Dl lines is latched by the trailing edge of STB (high to 
low). When STB is high, data passes through the latch. 
When OE is high, DO lines are high impedance. When OE 
is low, the contents of the latches are output on DOn- 
DO7. The DO lines are isolated from OE switching noise. 

ELECTRICAL SPECIFICATIONS 

Absolute Maximum Ratings 

T A -25°C;Vss«0V 



Power supply voltage, Vdd 


-0.5 to +7.0 V 


Input voltage, V| 


-1.0toV DD + 1 V 


Output voltage, Vq 


-0.5 to V DD + 0.5 V 


Power dissipation, Pdmax> dip 


500 mW 


Power dissipation, Pdmax> SO 


200 mW 


Operating temperature, Topt 


-40 to +85°C 


Storage temperature, T s t g 


-65to+150°C 



Exposing the device to stresses above those listed in the absolute 
maximum ratings could cause permanent damage. Exposure to 
absolute maximum ratings for extended periods may affect device 
reliability. 



DC Characteristics 

T A - -40 to +85°C; V DD - 


5V±10% 








Parameter 


Symbol 


Mln 


Max 


Units 


Conditions 


Input voltage, 
high 


V| H 


2.2 




V 


Vol - 0.45 V 
Voh = v DD 
-0.8 V 


Input voltage, 
low 


V|L 




0.8 


V 


Vol - 0.45 V 
Voh " Vdd 
-0.8 V 


Output voltage, 
high 


VOH 


V D D-0.8 




V 


•oh = -4 mA 


Output voltage, 
low 


Vol 




0.45 


V 


Iql = 12 mA 


Input current 


Ii 


-1.0 


1.0 


IttA 


V| = v DD , V SS 


Leakage 
current, high 
impedance 


■off 


-10 


10 


M 


OE = V DD 


Power supply 
current (static) 


'dd 




80 


»A 


V, = V DD , V SS 


Power supply 

current 

(dynamic) 


bDdyn 




20 


mA 


fin = 10 MHz 
C = 200 pF 



Capacitance 

T A -25 C;V DD = +5V 



Parameter 



Symbol Mln Max Units Conditions 



Input capacitance C| n 



12 



PF 



f - 1 MHz 



AC Characteristics 

T A - -40 to +85°C; V D d - 5 V ±10% 



Parameter Symbol Mln Max Units Conditions 



Input to t D io 

output delay 



40 ns Loading circuit (a) 



STB to output t D CTB0 10 6° 
delay 



Data float tpcro 

time from OT= 
high 



30 ns Loading circuit (b) 



Data output toCTO 10 40 

delay from OT? 

low 



Input to STB tsisTB 
setup time 



ns Loading circuit (a) 



Input to STB t H st B | 25 
hold time 



STB high 
pulse width 


tpwsTB 


20 




ns 




Signal rise 
time 


*LH 




20 


ns 


0.8 to 2.0 V 


Signal fall 
time 


tHL 




12 


ns 


2.0 to 0.8 V 



Loading Circuits for AC testing 



[a] VOL, Voh Outputs 

2.87 V 



•206O 



[b] Three-State Output 

2.87 V 
•360 



OutO " 



675 n > :r 200 pF 



Loading Conditions: Iql = 12 mA, Iqh = ~4 mA, Cl = 200 pF 
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Timing Waveforms 



\ 



x 



tDCTO 



■« ►• 



tSISTB 



\ 



tDIO 



<lz^; 



x 



/~~\ 



tDSTBO- 



tPWSTB 



>: 



x 



/ 



tFCTO 



y- 



Timing Measurement Points 



-.4 7 


Input 






Output 




83-00421 1B 


01V ^ 


f 2.2V 
S0.8V 


Measurement Points 


2.2 V 5 
0.8 V, 


< 


> 


f 2.2V 
t 0.8V 


Measurement Points 


2.2 VW 

0.8 V A 
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pPD71084 

Clock Pulse 

Generator/Driver 



Description 

The /*PD71084 is a clock pulse generator/driver for mi- 
croprocessors including the V20® and V30® and their 
peripherals using NEC's high-speed CMOS technology. 

Features 

□ CMOS technology 

n Clock pulse generator/driver for /*PD70108/70116 or 
other CMOS or NMOS CPUs and their peripherals 

n Frequency source can be crystal or external clock 
input 

n Reset signal with Schmitt-trigger circuit for CPU or 
peripherals 

n Bus ready signal with two-bus system 
synchronization 

n Clock synchronization with other j*PD71084s 

n Single +5V ±10% power supply 

a Industrial temperature range: -40 to + 85°C 



Pin Configurations 
18-Pin Plastic DIP 



Ordering Information 




Part Number 


CLK Out, Max 


Package 


juPD71084C-8 


8 MHZ 


18-pin plastic DIP 


C-10 


10 MHz 




G-8 


8 MHz 


20-pin plastic SOP 















CKSYN c 


1 


w 


18 


DVdd 


PRCLKC 


2 




17 


HX1 




REN1 C 


3 




16 


nx2 




RDY1 C 


4 


1- 

CO 


15 


3 RDYSYN 




READY C 


5 


Q 
0. 


14 


3 EXFS 




RDY2C 


6 


13 


HF/X 




REN2C 


7 




12 


HOSC 




CLKC 


8 




11 


I! RESIN 




VssC 


9 




10 


3 RESET 


83-001580A 













20-Pin Plastic SOP 



CKSYN UL 
PRCLK CE 

NCDE 
REN1 HE 
RDY1 U£ 
READY UK 
RDY2QE 
REN2 0E 
CLKOE 

VssOE 



1 o 

2 
3 
4 
5 



20 3DVDD 



HDX1 
HDNC 
HDX2 



ID RDYSYN 

3D EXFS 

3DF/X 

inosc 

3E RESIN 
3D RESET 



V20 and V30 are registered trademarks of NEC Corporation. 
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Pin Identification 



Symbol 


Function 


CKSYN 


Clock synchronization input 


PRCLK 


Peripheral clock output 


REN1 


Bus ready enable input 1 


RDY1 


Bus ready input 1 


READY 


Ready output 


RDY2 


Bus ready input 2 


REN2 


Bus ready enable input 2 


CLK 


Processor clock output 


v ss 


Ground potential 


RESET 


Reset output 


RESIN 


Reset input 


OSC 


Oscillator output 


F/X 


External frequency source/crystal select 


EXFS 


External frequency source input 


RDYSYN 


Ready synchronization select input 


X2 


Crystal input 


X1 


Crystal input 


Vdd 


+5V power supply 


NC 


No connection 



PIN FUNCTIONS 

X1, X2 (Crystal) 

When the F/X input is low, a crystal connected to X1 and 
X2 will be the frequency source to generate clocks for a 
CPU and its peripherals. The crystal frequency should 
be three times the frequency of CLK. 

EXFS (External Frequency) 

EXFS is the external frequency input in the external TTL 
frequency source mode (F/X high). A TTL-level clock 
signal three times the frequency of the CLK output 
should be used for the source. 

F/X (Frequency/Crystal Select) 

F/X input selects whether an external TTL-level input or 
an external crystal input is the frequency source of the 
CLK output. When F/X is low, CLK is generated from the 
crystal connected to X1 and X2. When F/X is high, CLK 
is generated from an external TTL-level frequency input 
on the EXFS pin. At the same time, the internal oscillator 
circuit will stop and the OSC output will be high. 



CLK (Processor Clock) 

CLK output supplies the CPU and its local bus peripher- 
als. CLK is a 33% duty cycle clock, one-third the fre- 
quency of the frequency source. The CLK output is 
+0.4 V higher than the other outputs. 

PRCLK (Peripheral Clock) 

PRCLK output supplies a 50% duty cycle clock at one- 
half the CLK frequency to drive peripheral devices. 

OSC (Oscillator) 

OSC outputs a signal at the same frequency as the 
crystal input. When EXFS is selected, the OSC output is 
powered down, and its output will be high. 

CKSYN (Clock Synchronization) 

CKSYN input synchronizes one jaPD71084 to other 
/hPD71084s. A high level at CKSYN resets the internal 
counter, and a low level enables it to count. 



RESIN (Reset) 

This Schmitt-trigger input generates the RESET output. 
It is used as a power-on reset. 

RESET (Reset) 

This output is a reset sig nal for the CPU. Reset timing is 
provided by the RESIN input to a Schmitt-trigger input 
gate and a flip-flop which will synchronize the reset 
timing to the falling edge of CLK. Powe r-on res et can be 
provided by a simple RC circuit on the RESIN input. 

RDY1, RDY2 (Bus Ready) 

A peripheral device drives the RDY1 or RDY2 inputs to 
signal that the data on the s yste m bus has been received 
or is ready to be sent. REN1 and REN 2 enable the RDY1 
and RDY2 signals. 



REN1, REN 2 (Address Enable) 

REN1 and REN2 inputs qualify their respective RDY 
inputs. 



RDYSYN (Ready Synchronization Select) 



RDYSYN input selects the mode of READY signal syn- 
chronization. A low-level signal makes the synchroniza- 
tion a two-step process. Two-step synchronization is 
used when RDY1 or RDY2 are not synchronized to the 
microprocessor clock and therefore cannot be guaran- 
teed to meet the READY setup time. A high-level signal 
makes synchronization a one-step process. One-step 
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synchronization is used when RDY1 and RDY2 are syn- 
chronized to the processor clock. See Block Diagram. 

READY (Ready) 

The READY output signal to the processor is synchro- 
nized by the RDY inputs to the processor GLK. READY is 
cleared after RDY goes low and the guaranteed hold time 
of the processor has been met. 

CRYSTAL 

The oscillator circuit of the /uPD71084 works with a 
parallel-resonant, fundamental mode, "AT-cut" crystal 
connected to pins X1 and X2. 

Figure 1 shows the recommended circuit configuration. 
Capacitors C1 and C2 are required for frequency stabil- 



ity. The values of C1 and C2 (C1 = C2) can be calcu- 
lated from the load capacitance (CJ specified by the 
crystal manufacturer. 



Cl = 



C1 x C2 



+ C s 



C1 + C2 

Cs is any stray capacitance in parallel with the crystal, 
such as the juPD71084 input capacitance Q 

Figure 1. Crystal Configuration Circuit 



s 
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X1 
HPD71084 

X2 




I C1 

I 

r C2 


C=J 



















/uPD71084 Block Diagram 



X1 o 

X2 o 

F/X o 1 

EXFS o 
























Oscillator 


• Js 




L-^ 




f"*So II 


— r^ 










i ) — i 


D- 


-^3 Sync - 




- +2 Sync 


— o PRCLK 


I i?° * 


i— s i_ 
— T^-r 


_H-^ 












REN1 o 


rD 




s 




h-IS^. 












"hoi 








REN2 o 












j =L> l 


CK 
D Q 






> 


CK 
- D Q 


— o READY 


RDY2 o 

RDYSYN o 

RESIN o 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

T A = 25°C;V SS = OV 




Power supply voltage, Vdd 


-0.5 to + 7.0 V 


Input voltage, V| 


-1.0VtoV DD + 1.0 V 


Output voltage, Vq 


-0.5VtoV DD + 0.5 V 


Operating temperature, Tqpt 


-40 to +85°C 


Storage temperature, Tstg 


-65 to +150°C 


Power dissipation, Pq (DIP) 


500 mW 


Power dissipation, P D (SOP) 


200 mW 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 



DC Characteristics 

T A = -40 to +85°C; V DD = 5V ±10% 








Parameter 


Symbol 


Min 


Max Unit Conditions 


Input voltage, high 


V| H 


2.2 




V 






2.6 




V 


RESIN input 


Input voltage, low 


V|L 




0.8 


V 




Output voltage, 
high 


V H 


V DD - 0.4 




V 


CLK output, 
Iqh = -4 mA 




V DD -0.8 




V 


Ioh = -4 mA 


Output voltage, low 


Vol 




0.45 


V 


Iql = 4 mA 


Input leakage 


■in 


-1.0 


1.0 


j»A 




current 


-400 


1.0 


|uA 


RDYSYN input 


RESIN hysteresis 




0.25 




V 




Power supply 
current (static) 


>DD 




200 


f«A 




Power supply 
current (dynamic) 


'DDdyn 




30 


mA 


f in = 24 MHz 


Capacitance 

T A = 25°C; V DD = 


+5V 










Parameter 


Symbol Min Max I 


Unit 


Conditions 


Input capacitance 


c in 




12 


PF 


f = 1 MHz 
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AC Characteristics 

T A = -40 to +85°C; V DD 5 V 


±10% 




Parameter Symbol 


Min 


Max Unit Conditions 


EXFS high t EH EL 


16 


ns At 2.2 V 


EXFS low tELEH 


16 


ns At 0.8 V 


EXFS period t^LEL 


40 


ns 


XTAL frequency 


12 


25 MHz 


RDY1,2setup t Rl vci_> 
to CLK 1 l RiVCH 


35 


ns 


RDY1,2holdto t C LRiX 
CLK 4 





ns 


RDYSYN setup t RS YVCL 
to CLK 4 


50 


ns 


RDYSYN hold to t C |_RSYX 
CLK 





ns 


REN1, 2 setup tA lRl v 
to RDY1, 2 


15 


ns 


REN1,2holdto tcLA-!X 
CLK 4 





ns 


CKSYN setup to t Y HEH 
EXFS 


20. 


ns 


CKSYN hold to t EHY L 
EXFS 


20 


ns 


CKSYN width t YH YL 


2tELEL 


ns 


RESIN setup to t^HCL 
CLK 


65 


ns 


RESIN hold to t C LHH 
CLK 


20 


ns 


CLK cycle tcLCL 
period 


125 


ns 



CLK high 



tCHCL 



41 



1/3 (tcLCL) +2 



CLK low 



tCLCH 



68 



2/3 (tcLCL) -15 



ns 3 V, f osc 
24 MHz 
(Note 1) 



ns 1.5 V, f sc 
£ 24 MHz 
(Note 2) 



ns 1.5 V, f sc 

= 24 MHz 
(Note 1) 



ns 1.5 V, f sc 
< 24 MHz 
(Note 2) 



CLK rise and 
fall time 


tCLH- tCHL 




10 


ns 


1.5 to 3.5 V, 
3.5 to 1.5 V 


PRCLKhigh 


tpHPL 


tCLCL-20 




ns 


(Note 3) 


PRCLK low 


tpLPH 


tCLCL-20 




ns 


(Note 3) 


READY inactive 
to CLK 4 


tRYLCL 




8 


ns 




READY active 
to CLK T 


tRYHCH 




8 


ns 





Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


CLK to RESET 
delay 


tCLIL 




40 


ns 




CLK to PRCLK 
T delay 


*CLPH 




22 


ns 




CLK to PRCLK 
4 delay 


tCLPL 




22 


ns 




OSCCLKT 
delay 


lOLCH 


-5 


22 


ns 




OSCCLK4 
delay 


tOLCL 


2 


35 


ns 




Signal rise time 
(except CLK) 


*LH 




20 


ns 


0.8 to 2.0 V 


Signal fall time 
(except CLK) 


*HL 




12 


ns 


2.0 to 0.8 V 



Notes: 

(1) Test points are specified in accordance with V-Series CMOS 
peripherals. 

(2) Test points are specified in accordance with the juPD8284. 

(3) tp H p L + t PLPH total must meet a minimum of 250 ns. 



Timing Waveforms 



AC Test Input (Except RESIN) 






*X_ 



RESIN: Input high level 3.00 V 
Input low level 0.45 V 



Measurement point 2.6 V 
Measurement point 0.8 V 

83-004046A 



AC Test Output (Except CLK) 



DC 



2.2 V 
0.8 V 
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CLK Output 
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CLK, RESET Signals 



Note: 

[1) V|N to 0.8 V or 2.2 V to V| N 

[2] 1.5 V to 3.0 V or 3.0 V to 1.5 V 
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READY Pin (RDSYN = High) 



-ICLRlX- 



iRlVCH 



j^iJT^J^l 



RDY1.RDY2 
REN1.REN2 



tAiRiV- 



1 



/ 



J 



I 



•CLR1X- 



-iRlVCL- 



\ 



«CLAlX - 



K 



READY Pin (RDSYN = Low) 



RDY1.RDY2 

rIni,ren2 



-•CLRiX- 



tRlVCL 



s^iJT 



»AlRlV- 



1 



/ 



X 



I 



•CLRlX- 



- tR^CH - 



1 



«CLA-|X ■ 



\ 



J 
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Test Circuit for CLK High or Low Time 
(Crystal Oscillation Mode) 



T. 1 



F/X 
CKSYN 



Test Circuit for CLK to READY 
(Crystal Oscillation Mode) 



Vdd 



u 



a-I 



Si 



Pulse 
Generator 



REN1 
X1 



READY 
71084 



RDY2 

F/X 

REN2 

CKSYN 



Test Circuit for CLK to READY 
(EXFS Oscillation Mode) 



Loading Circuits 



Loadl 



CLK 



1 



Cl = ioopf-t 



Load2 











Vdd 










> 




F/X CLK 
REN1 

EXFS 

READY 
71084 

RDY2 

REN2 
CKSYN 




Loadl 
























Pulse 
Generator 


















Load 2 




































Pulse 
Generator 
















< 

n 




7 
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Output except CLK 

C L = 30 pF 



1 
I 



Test Circuit for CLK High or Low Time 
(EXFS Oscillation Mode) 







V DD 












F/X CLK 

71084 
EXFS 

CKSYN 




Loadl 




















Pulse 
Generator 
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pPD71086, 71087 
8 -Bit Bus Buffer/Drivers 



Description 

jiPD71086 and /iPD71087 are 8-bit, bidirectional bus 
buffer/drivers with three-state outputs. The system bus 
outputs are noninverted (^PD71086) or inverted 
(jaPD71087). These devices are used to expand CPU bus 
drive capability. The input/output lines are isolated from 
OE and BUFR/W switching noise. 

Features 

a CMOS technology 

a Bidirectional 8-bit parallel bus buffer 

n Three-state output 

a High system bus-drive capability (Iol - 12 mA) 

a Compatible with ^PD70108/1 16, /aPD70208/216, and 
other CMOS or NMOS designs 

a /xPD71086: noninverted system bus output 
/xPD71087: inverted system bus output 

n Single +5 V ±10% power supply 

a Industrial temperature range: -40 to +85°C 



Ordering Information 




Part Number 


Package 


Output 


fiPD71086C 


20-pin plastic DIP (300 mil) 


Noninverted 


G 


20 -pin plastic SOP 




ftPD71087C 


20-pin plastic DIP (300 mil) 


Inverted 


G 


20-pin plastic SOP 





Pin Configurations 
20-Pin Plastic DIP and SOP 













LB C 


1 


20 


^ v DD 


LB-i E 


2 


19 


J SBo/SBo 




LB 2 C 


3 


18 


1 SB1/SB1 




LB 3 C 


4 


17 


3 SB2/SB2 




LB 4 C 


5 


16 


3 SB 3 /SBi 




LB 5 C 


6 


15 


3 SB4/SB4 




LB 6 C 


7 


14 


3 SB5/SB5 




LB 7 C 


8 


13 


3 SB 6 /SBi 




OE C 


9 


12 


b SB7/SB7 




Vss C 


10 


11 


3 BUFR/W 


83SL-6912A 











Pin Identification 




Symbol 


Function 


LB 7 -LB 


CPU local I/O data bus, bits 7-0 


SB 7 -SBrj/SB 7 -SBo 


System I/O data bus, bits 7-0; noninverted 
(fiPD71086) or inverted (/nPD71087) 


m 


Output enable input 


BUFR/W 


Buffer read/write input 


V D D 


+5 V power supply 


Vss 


Ground 
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PIN FUNCTIONS 

LB7-LB0 (Local Data Bus) 

LB7-LB0 are three-state inputs/outputs that connect to 
the CPU local data bus. They move data between the 
CPU and memory, I/O, or other peripherals. Data read/ 
write mode is controlled by the BUFR/W signal input. 

SB7-SB0/SB7-SB0 (System Data Bus) 

SB7-SBo/SB 7 -SBo ar e three-state inputs/outputs that 
connect to the system bus, along with the memory, I/O, 
or other peripherals. The jaPD71086 causes no signal 
inversion, the *aPD71087 inverts Jhe signal. Input/output 
condition is determined by BUFR/W status. See table 1. 



OE (Output Enable) 

OE input controls the output buffers. When OE is high, all 
output buffers go to the high-impedance state. When OE 
is low, data is output from the buffers specified by the 
BUFR/W signal. 

BUFR/W (Buffer Read/Write) 

The data read/write mode is controlled by the BUFR/W 
signal input. When BUFR/W is high,_LB lines are inputs 
and SB lines are outputs. When BUFR/W is low, SB lines 
are inputs and LB lines are outputs. See table 1. 

Table 1. Data Read/Write Mode 



OE 


BUFR/W 


LB Pins 


SB/SB Pins 


Mode 


Low 


Low 


Output 


Input 


System bus to local 
bus 


Low 


High 


Input 


Output 


Local bus to system 
bus 


High 


Don't care 


High-Z 


High-Z 





^PD71086, 71087 Block Diagram 



LB1 O- 
LB 2 O- 
LB3 O- 
LB4 O- 





i=tS 



^ 1 



<H 



I-- 

l 



I 



1 



I 1 



I J 



-OSB 6 



LB2 
LB3 ' 
LB4 
LB5 ■ 
LB 6 
LB7 




r~R> 



<H 



i _? 



i 



■-i 



i 



1 



i 



1 



i 



-O SB5 



-O SB6 
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ELECTRICAL SPECIFICATIONS 



Absolute Maximum Ratings 

T A =25°C;V SS = 0V 




Power supply voltage, V DD 


-0.5 to +7.0 V 


Input voltage, V| 


-1.0toV DD + 1.0 V 


Output voltage, Vq 


-0.5 to V DD + 0.5 V 


Power dissipation, Pq 
DIP . 
SOP 


500 mW 
200 mW 


Operating temperature, Tqpt 


-40 to +85°C 


Storage temperature, Tstg 


-65 to +150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Capacitance 

T A = 25°C;V DD = +5V 



Parameter 


Symbol 


Min 


Max Units Conditions 


Input capacitance 


C IN 




24 


pF f c = 1 MHz 


DC Characteristics 

T A = -45 to +85°C; V DD = 5 V ±10% 


Parameter 


Symbol 


Min 


Max 


Units 


Conditions 


Input voltage high 


V|H 


2.2 




V 




Input voltage low 


V|L 




0.8 


V 




Output voltage 
high 


V H 


v DD 

-0.8 




V 


Ioh = -4 mA 


Output voltage low 


Vol 




0.45 


V 


LB , l 0L = 4 mA 


Output voltage low 


Vol 




0.45 


V 


SB, I l= 12mA 


Input leakage 
current 


Iil 


-1.0 


1.0 


jtiA 


V| = V D d, Vss 


Leakage current, 
high impedance 


'off 


-10 


10 


HA 


OE = V DD 


Power supply 
current (static) 


bD 




80 


juA 


v, = v DD , V SS 


Power supply 
current (dynamic) 


'DDdyn 




40 


mA 


f in = 2 MHz 



AC Characteristics 

T A = -40 to 85°C; V DD = 5 V ±10% 



Parameter 


Symbol 


Min 


Max 


Units 


Conditions 


Input to output 
delay 


tDIO 


5 


40 


ns 


Load (1), (1') 
and (2), (2') 


BUFR/W hold 
time from OE 


l HCTRW 


5 




ns 




BUFR/W setup 
time to OE 


tSRWCT 


10 




ns 





Data float time 
fromO"E 



taTO 



30 



ns Load (3) and 
(3 ! ) 



Data output 
delay from OE 


*DCTO 


10 


40 


ns 




Signal rise time 


*R 




20 


ns 


0.8 to 2.0 V 


Signal fall time 


t F 




12 


ns 


2.0 to 0.8 V 



Loading Circuit for AC Test 



LB to SB/SB 

HI 



200 pF 



2.05 V 

[2'] o I 3 '] 



■±Z 100 pF 



II 



■±1 100 pF 
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AC Test Voltages 






Test Point 1.5 V 



=WVqh-01 V _/ V OZ+ 0.1V 

=Avo, + 0.1 v ^Vqz-o-^ 



Timing Waveforms 



BUFR/W 



OE 



Input 



Output 



X 



X 



\ 



l SRWCT 



V^ 



i 



r DCTO 



X 



X 



'DIO 



X 



/ 



X 



l FCTO 
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ffPD71088 
System Bus Controller 



Description 

The jkPD71088 is a CMOS system bus controller for a 
/tPD70108 (V20®) or ^PD70116 (V30®) microprocessor 
system. It controls the memory or I/O system bus. 

Features 

° CMOS technology 

□ Bus controller for microcomputer system expansion 
n Command outputs for system bus control 

a Control outputs for I/O peripheral bus control 
n High drive capability for command and control 

outputs (Iol = 12 mA) 
o Three-state outputs for command outputs 
a Advanced I/O and memory write command outputs 
n mPD70108,mPD701 16 compatible 

□ +5-volt ±1.0% single power supply 

a 20-pin plastic DIP (300 mil) or SOP package 
n Industrial temperature range: -40 to +85°C 

Ordering Information 



20-Pin Plastic SOP 



Part Number 


Clock (MHz) 


Package Type 


juPD71088C-8 


8 


20-pin plastic DIP 


C-10 


10 




G-8 


8 


20-pin plastic SOP 



Pin Configurations 
20-Pin Plastic DIP 













IOBC 


1 


KJ 


20 


3VDD 


CLKC 


2 




19 


3 BS0 


BS1 C 


3 




18 


3 BS2 


BUFR/W C 


4 


CO 


17 


3 ICE/PBEN 


ASTB C 


5 


o 


16 


3DBEN 


AENC 


6 


Q 


15 


DCEN 


MRDC 


7 


4 


14 


3 INTAK 


AMWRC 


8 




13 


DIORD 


MWSC 


9 




12 


3 AIOWR 


VssC 


10 




11 


DIOWR 










83-0041 81 A 



IOBQE 

CLKI3E 

BS1 [IE 

BUFR/W DE 

ASTBDE 

AENCIE 

MRDDE 

AMWRDE 

MWRDE 

VssOC 



1 o 

2 

3 
4 
5 
6 
7 
8 
9 
10 



3DVDD 

3DBS0 

HDBS2 

3D ICE/PBEN 

UDDBEN 

3DCEN 

3D INTAK 

3DIORD 

3D AIOWR 

IQfOWR 



Pin Identification 



Symbol 


Function 


IOB 


Input/output bus mode input 


CLK 


Clock input 


BS1 


Bus status input 1 


BUFR/W 


Buffer read/write output 


ASTB 


Address strobe output 


AEN 


Address enable input 


MRD 


Memory read output 


AMWR 


Advanced memory write output 


MWR 


Memory write command output 


v SS 


Ground 


IDWR 


I/O write command output 


AIOWR 


Advanced I/O write command output 


ICRD 


I/O read command output 


INTAK 


Interrupt acknowledge output 


CEN 


Command enable input 


DBEN 


Data buffer enable output 


ICE/PBEN 


Interrupt cascade enable/Peripheral data bus 
enable output 


BS2 


Bus status input 2 


BS0 


Bus status input 


V D D 


Power supply 



V20 and V30 are registered trademarks of NEC Corporation. 
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PIN FUNCTIONS 

BSO -BS2 (Bus Status Inputs 0, 1,2) 

The BS0-BS2 inputs are connected to the encoded CPU 
status outputs. The jiPD71088 decodes these status 
outputs into command and control outputs for timing 
control. See table 1 for an explanation of these inputs. 

CLK (Clock) 

The CLK input is connected to the same clock output 
that drives the CPU clock, usually the CLK output of a 
jaPD71084 or a jiPD71011. It is the internal system clock 
of the fiPD71088. 



IOWR (I/O Write Command) 



AEN (Address Enable) 

The AEN input controls the com mand output buffers. 
When IOB is low, a low-level AEN causes the command 
buffe rs to output command output signals. A high-level 
AEN makes all command lines go to high impedance. 
When IOB is high, the *iPD71088 is in I/ O bus mode, and 
the command lines are not affected by AEN . 

CEN (Command Enable) 



The CEN input controls DBEN, PBEN and all command 
outputs. When CEN is high, air these outputs are active. 
When CEN is low, they are inactive. 

IOB (I/O Bus Mode) 

When the IOB input is high, the bus control mode is I/O 
bus mode. When IOB is low, the bus control mode is 
system bus mode. 



MRD (Memory Read Command) 



The MR D out put is the signal to read data from a memory 
device. MRD is three-state, active low. 



MWR (Memory Write Command) 



The M WR out put is the signal to write data to a memory 
device. MWR is three-state, active low. 



AMWR (Advanced Memory Write Command) 



This command output is the same as MWR, exce pt that 
itis generated one state (clock cycle) earlier than MWR. 



IORD (I/O Read Command) 



The IO RD ou tput is the signal to read data from an I/O 
device. IORD is three-state, active low. 



The IO WR ou tput is the signal to write data to an I/O 
device. IOWR is three-state, active low. 



AIOWR (Advanced I/O Write Command) 



This command output is the same as IOWR, exce pt that 
it is generated one state (clock cycle) earlier than IOWR. 



INTAK (Interrupt Acknowledge) 



The INTAK output acknowledges interrupt requests. Re- 
questing de vices output a n interrupt vector address in 
response to INTAK. INTAK is three-state, active low. 

ASTB (Address Strobe) 

The ASTB output control signal latches the address 
outputs from the CPU into an external address latch, 
such as a jaPD71082 or /iPD71083. Address data should 
be strobed with the trailing edge (high to low) of ASTB. 

DBEN (Data Buffer Enable) 

The DBEN output activates a data bus buffer/driver such 
as a jiPD71086 or ^PD71087 to input or output data 
between the CPU local bus and the memory or I/O 
system bus. 

BUFR/W (Buffer Read/Write) 

The BUFR/W output controls the direction in which data 
moves through a transceiver between _the CPU and the 
memory or I/O peripherals. When BUFR/W is high, data 
is transferred from the CPU local bus to the memory or 
I/O system bus. When BUFR/W is low, data is transferred 
from the memory or I/O system bus to the CPU local bus. 



ICE/PBEN (Interrupt Cascade Enable/Peripheral 
Data Bus Enable) 

The meaning of this output signal depends on IOB. If IOB 
is low (system bus mode), it is the ICE output. ICE 
controls the cascade address transfer from a master 
priority interrupt controller to slave priority interrupt 
controllers. The slave reads the address from the master 
when ICE goes high. 



When IOB is high, it becomes PBEN . PBEN controls the 
I/O bus the same way that DBEN controls the system 
bus. In this case, however, the output is active low. 
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Block Diagram 



Status 
Input 



Control 
Signal - 
Input 



BS2 0- 
BS10- 



CLKO- 
AENO- 
CENO- 
IOBO- 



Status 
Decoder 



^ 



T 



i-E 



Control 
Logic 



-A 
rV 






Command 
Process 



Control 
Process 



-OIOWR 
-OAIOWR 



-O BUFR/W 
-ODBEN 



Command 
Output 



.Control 
'Output 



Absolute Maximum Ratings 

T A = 25°C;V SS = 0V 




Power supply voltage, Vqd 


-0.5 to +7.0 V 


Input voltage, V| 


-1.0toV DD + 1.0 V 


Output voltage, Vq 


-0.5 to V DD + 0.5 V 


Operating temperature, Topt 


-40 to +85 °C 


Storage temperature, Tstg 


-65 to +150 °C 


Power dissipation, Pq (DIP) 


500 mW 


Power dissipation, P D (SO) 


200 mW 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

DC Characteristics 

T A -40°C to +85 °C; V DD = 5 V ±10% 



Capacitance 

T A = 25°C; V DD = 


+5V 










Parameter 


Symbol 


Min 


Max 


Units 


Conditions 


Input capacitance 


C|N 




12 


PF 


f = 1 MHz 



Parameter 


Symbol 


Min 


Max 


Unit 


Conditions 


Input voltage, high 


V| H 


2.2 




V 




Input voltage, low 


v IL 




0.8. 


V 




Output voltage, high 


V 0H 


V DD -0.8 




V 


Controls: 

l 0H = -8mA@ 10 MHz, -4 mA @ 8 MHz 


Output voltage, low 


Vol 




0.45 


V 


Commands: 

l 0L = 24 mA @ 10 MHz, 12 mA @ 8 MHz 

Controls: 

Iol = 8 mA @ 10 MHz, 4 mA @ 8 MHz 


Input current leakage 


"il 


-1.0 


1.0 


fiA 


V| = Vdd, Vss 


Leakage current at high impedance 


•off 


-10 


10 


HA 




Power supply current (static) 


Idd 




80 


M 


V| = Vqo. Vss 


Power supply current (dynamic) 


'DDdyn 




20 


mA 


fin = 10 MHz 
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AC Characteristics 

T A = -40 to +85°C; V DD = 5 V ±10% 


Parameter 


Symbol 


pPD71088 

Min Max 


pPD71088C-10 

Min Max 


Units 


Conditions 


CLK cycle period 


tCVCK 


125 




100 




ns 




CLK pulse width, high 


tpWCKH 


40 




41 




ns 




CLK pulse width, low 


tpWCKL 


60 




49 




ns 




Setup time for bus status active to CLK T 


tSBSV 


40 




35 




ns 




Hold time for bus status inactive from CLK I 


*HBSV 


10 




10 




ns 




Setup time for bus status inactive to CLK 4- 


*SBSIV 


35 




35 




ns 




Hold time for bus status inactive from CLK t 


VlBSIV 


10 




10 




ns 




Command active delay from CLK 1 


bCML 


10 


40 


10 


35 


ns 




Command inactive delay from CLK i 


bCMH 


10 


40 


10 


35 


ns 




Command output on delay from AEN I 


^DAECM 




40 




40 


ns 




Command active output delay from AEN i 


*DAECML 


100 


295 


115 


200 


ns 




Command disable delay from AEN t 


tFAECM 




50 




20 


ns 





Command active delay from CEN t 



ASTB active delay from CLK 4 



ASTB active delay from BS2, 1, 



ASTB inactive delay from CLK T 



DBEN, PBEN active delay from CLK 4 



DBEN, PBEN inactive delay from CLK t 



DBEN, PBEN active delay from AEN I 



DBEN, PBEN active delay 



BUFR/W T delay from CLK T 



BUFR/W 4 delay from CLK T 



ICE active delay from CLK 4 



ICE active delay from BS2, 1 , 



bCECM 



*DCML 



toCML 



tDCKSTH 



30 



20 



tDBSST 



25 



20 



tDCKSTL 



25 



25 



*DCTV 



10 



50 



10 



35 



l DCT 



10 



50 



10 



35 



tDAECT 



30 



30 



tDCECT 



30 



30 



*DCKWR 



40 



40 



toCKRD 



60 



40 



toCKIC 



30 



30 



♦dbsic 



25 



20 



Iol = 4 mA 
Iqh = -4 mA 
C L = 100 pF 



ICE inactive delay from CLK J- 


blCL 


10 


50 


10 


40 


ns 




Input rise time 


tRI 




20 




20 


ns 


0.8 V to 2.0 V 


Output rise time 


tRO 




20 




20 


ns 




Input fall time 


*FI 




12 




12 


ns 


2.0 V to 0.8 V 


Output fall time 


tFO 




12 




12 


ns 
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Timing Waveforms 
General 



j r ~\-j r ~ y ^jK_j-^_r^{_j 



BSO, BS1, BS2 



MR S , IgRP 

AMWR, AJ5WR 

INTA"K 



wm, rows 



-iCYCK *■ 



PBlR 



y 



\ 



/ 



*dcmh - 



/ 



X / 



- 'DCKSTL 



\ 



tDCTV- 



tDCKIC 
tDBSIC _ 



fU 



Q E 



X 



-Read, INTAK Mode- 



\ 



^v 



j v 



i 



zL^ 



/^^. 



Note: The rising edges of ASTB and ICE are determined by the last event: CLKI or bus status 
going active. 
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Timing Waveforms (cont) 



DBEN, PBEN , and Command Output 



Command Outputs 



/ 



\ 



/ 



<DAECM 



f 



X 



-»DCECM-»- 



J C 



\ 



X 



•dcect- 



\ 



/ 



/ 



f 



^ 



AC Test Input 



2.4 V 
0.45 V 



IX 



2.2 V 
0.8 V 



AC Test Output 



DL 



2.2 V 
0.8 V 



Test Points 



Test Points 



2.2' 
0.8' 



DC 



2.2 V 
0.8 V 



YZ 



Output Test Loads 










VDD 








£470 




AIPD71088 
[Notel] 




' 


z 200 pF 


I 


2 






£ 820 n 


-=- 








VDD 








£l.2kO 




/UPD71088 
[Note 2] 






= 100pF 


I 








z-\ kn 


4- 






Notes: 




[1] For command outputs MRD, IORD, 




MWR, IOWR, INTAK, AMWR, and 




AIOWR. 




[2] For other outputs. 
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FUNCTIONAL DESCRIPTION 

Command Logic 

The PD71088 decodes the CPU bus status outputs into 
command outputs. The bus status outputs (BS0-BS2) 
and their decoded commands are shown in table 1. 

Bus Control Mode 

The CEN, IOB, and AEN signals control the bus control- 
ler mode as shown in table 2. 



Table 1. Command Logic 




BS2 


BS1 


BSO 


CPU Status 


pPD71088 
Command Output 


Low 


Low 


Low 


Interrupt 
acknowledge 


INTAK 


Low 


Low 


High 


I/O read mode 


IORD" 


Low 


High 


Low 


I/O write mode 


IOWR, AIOWR 


Low 


High 


High 


Halt mode 


None 


High 


Low 


Low 


Instruction 
fetch mode 


MRD 


High 


Low 


High 


Memory read 
mode 


MRD 


High 


High 


Low 


Memory write 
mode 


MWR, AMWR 


High 


High 


High 


No bus cycle 
mode 


None 



Table 2. Bus Control Mo 


de 










Control Input 






Command Output 


Control Output 




IOB 


AEN 


Memory 


I/O 






CEN 


MRD, MWR, AMWR 


IOWR, AIOWR, IORD, INTAK 


ICE/PBEN 


ASTB.BUFR/W, DBEN 


H 


H 

(I/O bus mode) 


H 
L 


High impedance 
Outputs enabled 


Outputs enabled (NC) 


PBEN (NC) 


Outputs enabled (NC) 


H 


L 

(System bus 

mode) 


H 


High impedance 


High impedance 


ICE (NC) 


Outputs enabled (NC) 




L 


Outpus enabled 


Outputs enabled 




L 

(Command 
disable mode) 


X 


X 


H 


H 


PBEN = H 


Outputs enabled 
(DBEN = LASTB, 
BUFR/WareNC) 



Note: 

x = Don't care, NC = No change, H = High, L = Low 
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fiPD71641 
Cache Memory Controller 



Description 

The^PD71641 is an LSI cache controller chip offering 
advanced features, unequaled flexibility, and built-in 
reliability to system designers. The^PD71641 makes it 
practical and economical to use sophisticated caches 
in microprocessor-based systems. 

The implementation of /jPD71641 is transparent to the 
application program. The /;PD71641 is configurable 
from direct-mapped to 4-way set-associative mapping. 
The /iPD71641 allows up to 128K bytes of cache mem- 
ory. Cache updating is made efficient with sub-block 
partition and burst mode features. 

The ji/PD71641 can be easily used with many general- 
purpose, high-performance 32-bit or 16-bit micropro- 
cessors. Its architecture is suitable for multiprocessors 
and multimaster environments. Cache data consis- 
tency is ensured by bus monitoring and dual compar- 
ator techniques. The /JPD71641 uses a write-through 
strategy to update main memory, which guarantees 
the best cache consistency in a multiprocessor and 
multimaster system. External data storage is flexible in 
size and organization. The//PD71641 will work with any 
word width. 

The /;PD71641 is unique in offering features to imple- 
ment a highly reliable cache memory subsystem. The 
/;PD71641 provides built-in reliability checks, such as 
address tag parity check, multiple hit detection, and 
self-diagnosis for directory faults. Upon detection of an 
erroneous condition, the/;PD71641 can either be dis- 
abled, or continue to operate in a functionally de- 
graded mode. 



Features 

a General-purpose interface supports high- 
performance microprocessors 

° Transparent to application programs 

n Flexible placement algorithm: direct 2-, 4-way set- 
associative 

n Large tag memory configuration: 
— 1024 sets x 1 way x 2 sub-blocks 

— 512 sets x 2 ways x 2 sub-blocks 

— 256 sets x 4 ways x 2 sub-blocks 

n Programmable sub-block size up to 64 bytes 

° Bus replacement cycle variable from 1 to 16 words 

n Supports large cache memory up to 128K bytes 

° Supports up to 4G bytes of main memory 

n LRU replacement algorithm 

° Write-through strategy 

n Data consistency check by bus monitoring 

° External PURGE input to flush tag store 

n Increased reliability through internal error 
detection 

— Parity check on tag store 

— Incorrect match check 

— Multiple hit check 

— LRU output check 

a Unique level degradation feature to maximize 
cache system up time 

° 16- and 20-MHz operation 

o 132-pin PGA package 



Ordering Information 




Max Clockout 
Part Number Frequency 


Package 


A/PD71641R 25 MHz 


132-pin Ceramic PGA 
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Pin Configuration 
132-Pin Ceramic PGA 
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Pin Identification 



Pin Identification 



Pin 


Symbol 


A1 


R~rH5 


A2 


Di 


A3 


rack 


A4 


ws 


A5 


RC2 


A6 


RAO 


A7 


RA2 


A8 


RA3 


A9 


IC 


A10 


Berts 


A11 


rt/by 


A12 


SRC7 


A13 


CR20 


A14 


A3 


B1 


MAs 


B2 


GND 


B3 


Do 


B4 


D 3 


B5 


RC1 


B6 


RC3 


B7 


RA1 


B8 


IC 



Pin 


Symbol 


B9 


IC 




Pin 


Symbol 


B10 


RBCT 


B11 


CW25 


B12 


CR2T 


B13 


v DD 


B14 


As 


C1 


MAs 


C2 


MA4 


C3 


v DD 


C4 


GND 


C5 


D 2 


C6 


RCO 


C7 


Vdd 


C8 


GND 


C9 


BRC 


C10 


RAE 


C11 


CW21 


C12 


GND 


C13 


A4 


C14 


Aa 



Pin 


Symbol 


D1 


MAg 


D2 


MAs 


D3 


MA3 


D12 


GND 


D13 


As 


D14 


Ag 


E1 


MA 12 


E2 


MA 10 


E3 


MA 7 


E12 


A 7 


E13 


A10 


E14 


A12 


F1 


MA 14 


F2 


MA 13 


F3 


MAn 


F12 


A11 


F13 


A13 


F14 


GND 


G1 


MA 16 


G2 


MA 15 


G3 


GND 


G12 


A14 


G13 


A 15 


G14 


A 16 


HI 


MA 17 


H2 


MA 18 


H3 


MA 19 


H12 


A 18 


H13 


Vdd 


H14 


A17 


J1 


MA20 


J2 


MA 21 


J3 


MA 23 


J12 


A22 


J13 


A20 


J14 


A 19 


K1 


MA22 


K2 


MA 24 


K3 


MA 27 


K12 


A^ 


K13 


A 23 



Pin 


' Symbol 


K14 


A 21 


L1 


MA 25 


L2 


MA 28 


L3 


MA3T 


L12 


A30 


L13 


A 27 


L14 


A 24 


M1 


MAzs 


M2 


MA30 


M3 


GND 


M4 


BC? 


M5 


DPAR 


M6 


GND 


M7 


Vdd 


M8 


GND 


M9 


MI55 


M10 


IC 


M11 


Vdd 


M12 


GND 


M13 


A29 


M14 


A 2 5 


N1 


MA^ 


N2 


v DD 


N3 


C3 


N4 


BYPf 


N5 


PURGE 


N6 


FAULT 


N7 


CLK 


N8 


CR3 


N9 


CWT 


N10 


CW3 


N11 


IC 


N12 


AHIT 


N13 


GND 


N14 


A 2 8 


P1 


R/W 


P2 


CMD 


P3 


RESET 


P4 


FATAL 


P5 


CLAMP 


P6 


CRO 
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Pin Identification 
(cont) 


Pin 


Symbol 


P7 


CRT 


P8 


CR2 


P9 


CW5 


P10 


CW2 



Pin 


Symbol 


P11 


BypD 


P12 


IC 


P13 


Crd? 


P14 


A31 



PIN FUNCTIONS 

CPU Interface 

A3-A31 (Address Bus). CPU address outputs are con- 
nected to these inputs. Depending on cache organiza- 
tion, from 8 to 10 of the low address bits are used to 
select a set of tags. These inputs are latched internally 
once a jiPD71641 cycle begins. 

BCY (Bus Cycle Start). This active-low input is sampled 
on the rising edge of CLK. It indicates that a CPU cycle is 
ready to be submitted to the jiPD71641. When BCY is 
detected, the /iPD71641 will begin its cycle. 

CS (Chip Select). This active-low input is sampled on 
the rising edge of CLK. If this pin is not asserted, then the 
cache will not operate. This input is used to separate 
cacheable (e.g., memory access) and non-cacheable 
(e.g. , I/O) CPU bus cycle s. If this input is not asserted, 
BCY is ignored, but CMD operations can still take place 
and the bus monitor function continues to operate. 

R/W (Read/Write). This input is used to separate CPU 
read cycles from CPU write cycles, since the jtPD71641 
handl es eac h type of cycle differently. If this input is low 
when BCYJs sampled, a cache write operation will 
begin. If R/W is high , read operation will begin. This input 
is also used during CMD accesses. 



CMD (Command Mode). This active-low input is sam- 
pled on the rising edge of CLK. It should be asserted 
when the CPU needs to access one of the pPD71641's 
internal registers. Inpu ts RA 0-RA3 select which internal 
register will be used. CMD overrides the BCY and CS 
inputs. 

CLAMP (Clamp Address Input). This active-high input 
prevents any problems due to a floating level on any 
pPD71641 inputs. In the event it becomes necessary to 
float the inputs to the /tPD71641 (e.g., during DMA), this 
input should be asserted. If this input is used, external 
pullup resistors will not be required. 

BYPI (Bypass In). This active-low input is sample d on 
the rising edge of CLK. If this input is asserted when BCY 



is asserted, the /aPD7 l64l w ill treat the cycle as non- 
cacheable, and assert BYPO. The cache memory is not 
accessed. 

DPAR (Data Parity). This active-high input signals that 
an error has occurred in the cache data store. When 
these errors are received, the pPD71641 will disable the 
current level and enter a functionally degraded mode. 
That is, if a parity error occurs in bank 3 of a 4-way 
set-associative cache memory, level 3 will be disabled. 

AH IT (Asynchronous Cache Hit). This active-high 
asynchonous output is asserted when the current ad- 
dress inputs (A3-A 31 ) produce a tag match, indicating 
that the data being accessed is mapped into the cache 
data store. 



CRDY (CPU Ready). This active-low output can b e used 
to signal the CPU that the bus cycle can be ended. CRDY 
is asserted when the cycle is a cache hit, when the 
requested data is ava ilable at the end of a cache update 
cycle, when a CMD access is completed, or when a 
bypass cycle has c omplet ed (actually controlled by 
external logic via the SRDY input). 

MISS (Cache Miss). This active-low output is asserted 
when the pPD71641 has detected a cache miss on a CPU 
read cycle. It re mains asserted throughout the cache 
update operation. MISS is distinct from AH IT be cause it 
is synchronous to the CLK, while AHIT is not. MISS is 
also asserted when an internal error forces a cache 
update, or if a cache bypass cycle is aborted by BERR. 



BYPO (Bypass Out). This active-low output indicates to 
external hardware that the current CPU bus cycle will 
bypass the cache memory. Either the address is not 
cacheable, or the cycle is a memory write. In the case of 
a memory write, the data will be written in parallel to the 
cache memory. External logic must com plete t he bus 
cycle. This output is asserted whenever the BYPI input is 
asserted at the start of a cycle, during all cache write- 
through cycles, and whenever the /*PD71641 is unable to 
complete a cycle due to an internal error condition. 

FAULT (Fault). This active-high output indicates that the 
pPD71641 is operating in a functionally degraded mode, 
that is, some portion of the tag store has been disabled 
due to an internal or external error. 

FATAL (Fatal Fault). This active-high output in conjuc- 
tion with FAULT indicates the status of the /tPD71641. If 
an unrecoverable internal error occurs, and the 
jiPD71641 removes itself from the system, this output will 
remain asserted. 

RA0-RA3 (Replacement Addr ess). These inputs select 
the internal register for a CMD access. They also supply 
the starting offset for a fetch bypass operation. During 
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normal replacement operations, the replace cycle begins 
at an offset of 0. If fetch bypass is enabled, the first bus 
cycle of the replacement will be to the address deter- 
mined by these inputs, so that the data requested by the 
CPU will be available as soon as possible. 

D0-D3 (Data Bus). These bidirectional pins form the 
4-bit data bus used to access the /tiPD7l64l internal 
registers. This bus is also used to output tag store 
contents during a cache directory dump operation. 

CR0-CR3 (4-way Cache Read Strobes). When a 4-way 
set-associative cache organization is selected, these 
four active-low outputs select which of the four banks of 
cache data storage will supply the data on a CPU read 
cycle. They are also asserted during a cache memory 
dump operation. 

CR20-CR21 (2 -Way Cache Read Strobes) .When a 2- 
way set-associative cache organization is selected, 
these two active-low outputs select which of the two 
banks of cache data storage will supply the data on a 
CPU read cycle. 

They are also asserted during a cache memory dump 
operation. These outpu ts ar e also used for direct- 
mapped caches. CR20 and CR21 must be logically 
ORed with external logic to produce a single read strobe 
for the one bank of RAM. 

CW0-CW3 (4-Way Cache Write Strobes). When a 4- 
way set-associative cache organization is selected, 
these four active-low outputs select which bank of the 
cache data store will be written during a CPU write cycle. 



CW20-CW21 (2-Way Cache Write Strobes). When a 
2-way set-associative cache organization is selected, 
these two active-low outputs select which bank of the 
cache data store will be written during a CPU write cycle. 
These outp uts are also used for direct-mapped caches. 
CW20 and CW21 must be logically ORed with external 
logic to produce a single write strobe for the one bank of 
RAM. 

Bus Monitor Interface 

MAS (Bus Monitor Address Strobe). This active-low 
input is sampled on the rising edge of CLK. When it is 
sampled low, the /tPD71641 will begin a cache invalidate 
cycle on the address presented on inputs MA3-MA31. 
Each check-and-invalidate operation takes two clocks. 

MA3-MA3-1 (Bu s Mo nitor Address). These inputs are 
sampled when MAS is sampled low. The system bus 
address lines should be logically connected to these 
inputs. 



A write cycle to global memory could change a memory 
location that has been cached. If this happens, the data 
in the local cache is no longer consistent with global 
memory. To ensure cache data consistency, the 
pPD71641 provides bus monitoring. When an address is 
presented on these MA inputs, the ^PD71641 will per- 
form a tag search on that address. If a high is detected, 
the indicated sub-block will be invalidated. This tag 
search operation is completely independent from the 
CPU address tag search, since the pPD71641 tag store is 
fully dual-ported with two sets of comparators. 

MA3-MA31 become outputs during cache dump opera- 
tions, supplying the upper address bits for the dump. 

System Bus Interface 



RREQ (Replacement Request). This active-low output 
is asserted when the /xPD71641 wants to use the global 
bus for a cache data replacement cycle or for a cache 
directory or data dump operation. 



RACK (Replacement Acknowledge). This active-low 
input is asserted by the system bus interface when 
access to the shared memory for a replacement or a 
dump cycle has been granted. Once begun, replacement 
or dump cycles can be suspended by desserting this 
input. The jtPD71641 will interrupt the miss cycle, 
thereby releasing the global bus to a higher priority bus 
maste r, and will resume the interrupted operation when 
RACK is asserted again. Bus monitoring is disabled while 
the replacement or dump cycle is suspended. 

RAE (Replacement Address Enable). This active-low 
output indicates that the /*PD71641 has begun a cache 
data replacement cycle to service a cache read miss. 
This output should be used to control the multiplexing 
between the RC outputs and CPU address. Also, any 
other logic th at ch anges during a replacement cycle 
should use the RAE signal. 

R CO -RC3 (Replacement Count). Sub-blocks can be 
up to 16 words in length. During a replacement cycle, the 
RC outputs provide the offset address in the sub-block. 
Depending on the size of the sub-block, not all these pins 
will be used. 



RBCY (Replacement Bus Cycle Start).This active-low 
output signals the start of a replacement bus cycle or a 
dump cycle. 



SRDY (System Ready). This active-low input is asserted 
by the system bus interface or shared memory control 
logic when the bus operation that the /*PD71641 re- 
quested has been completed. The jaPD71641 will pass 
this signal through to the CPU via its CRDY output. 
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BRC (Burst Replacement Cycle). This active-high in- 
put determines on a cycle-by-cycle basis if the replace- 
ment cycle is to use a burst data transfer. 

BERR (Bus Error). This active-low input signals a sys- 
tem bus error. If the current cycle is a replacement 
operation, RT/BY can be used to either abort the cycle or 
try it again. If the current cycle is a cache bypass (such 
as a C PU data write cycle), the /*PD71641 will assert its 
MISS output to let the CPU know that the operation did 
not complete. 



RT/BY (Retry/Bypass). When BERR has been detected, 
the mPD71641 uses the state ofthis input pin to decide 
whether to abort the cycle (RT/BY = 0) or to retry the 
cycle (RT/BY =1). 

This input is also used to implement external write 
buffering, or a "posted write" system write perfor- 
mance. Normally, during a CPU data write cycle, both the 
CPU and the mPD71641 are suspended waiting for the 
write cycle to end. Howeve r, if the RT/BY input is high, the 
MPD71641 will not wait for SRDY It will immediately end 
its internal cycle and go into the Ti state, allowing the 
MPD71641 to begin processing the next CPU bus cycle if 
one is available. External logic can finish the write cycle. 



Other Signals 

RESET (Reset). This active-high input will reset the 
juPD71641. All tag stores will be invalidated, all preset 
commands will be cleared, and all status bits will be 
cleared. The cache will be disabled until enabled by the 
software command. RESET must be asserted for at least 
10 clock pulses. 

PURGE (Purge). This active-high input will purge all the 
tag stores when it is asserted. An identical software- 
generated PURGE operation is also available. 

PURGE may be used to invalidate the cache tag store in 
the event the bus monitoring function is unable to keep 
up with external bus activity. 

The PURGE input must be asserted until the purge 
operation is complete. This takes a maximum of 5 clocks, 
so PURGE must be asserted for at least 5 clocks. 

CLK (Clock). This is the /*PD71641 clock and should be 
sychronized to the CPU clock. 

IC. Internally connected; leave disconnected. 

Vqd. Supply pins for +5 V power supply. 

GND. Supply pins for power ground. 
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Figure 1. Memory Size Expansion 
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Figure 2. Typical System Configuration 
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INTERNAL BLOCK FUNCTIONS 

Dual-Port Address Tag Memory 

Dual-port address tag memory is dual-port memory that 
decodes the index field input independently from the 
CPU side and monitor side and outputs the contents of 
the memory (block entry) as address tag. When a mis-hit 
occurs during CPU access, a new block address is 
registered. 

Valid Bit Memory 

Valid bit memory is a group of flags that indicate whether 
each block entry is valid or invalid. These flags are set 
each time the replacement of a sub-block is completed, 
and reset upon a monitor hit. 

Comparators 

Two comparators are provided. One is for the CPU side 
and the other is for the monitor side. The comparator on 
the CPU side is used to check if the address tag regis- 
tered in the directory coincides with the address used to 
access the system bus. 

Parity Generator 

The parity generator generates the parity for the address 
tag associated with CPU accessing, and compares it 
with the address parity registered in the directory. This 
compare operation is performed simultaneously with the 
CPU address comparison. When a mis-hit occurs, the 
generated parity is registered together with the new 
address. 

Status Register 

The status register indicates reduction data related to 
parity errors or multi-hit errors. In addition, it also indi- 
cates whether or not the pPD71641 is in the fatal state. 

LRU and LRU Memory 

LRU and LRU memory manage the CPU block accessing 
order and perform LRU calculations based on valid bit, 
error status, number of associative units, etc. 

Main Sequencer 

The main sequencer d ecodes the bus cycle signals (BCY 
CS, R/W BYPI, CMD, etc.) generated by the CPU, and 
generates the timing for the basic cache memory oper- 
ation cycle. The main sequencer determines whether the 
accessing is a cache memory access, a cache memory 
bypass access, or a cache command access. The main 
sequencer enters the standby state when the replace 
sequencer is in operation. 



CPU Interface Controller 

The CPU interface controller generates a normal/not- 
normal response (data acknowledge, bus error, fatal 
error, etc.). 

Replace Sequencer 

The replace sequencer regenerates the replace timing 
and replace count value when a mis-hit occurs. 

Bus fnterface Control Block 

The bus interface control block generates the read/write 
strobe signal to the external cache data memory. 

Table 1 describes each of the bus states. Figure 3 is a 
state diagram for the bus interface. 

Table 1. Bus Interface States 

But State Description 



Ti 



Idle state. Waiting for BCY and C3 to be asserted. 



T2 First state of any cacheable CPU cycle or IO cycle to 

pPD71641 registers. T2 is the dispatch state that 
decides what the |»PD71641 will do. If there Is a cache hit 
or a 2-clock cycle request, T2 is also the last active state. 
If there is a miss, Tm is entered. If this Is a cache write 
cycle, Tb Is entered. Tc is entered if it Is a pPD71641 
command cycle. 

Tc Command Mode state. If this is a pPD71641 command 

cycle, the Tc Is entered following T2, then repeated 
before returning to the idle state. 

Tm Miss state. Entered if there Is cache read miss. The 

system bus is requested, and the RTI state is entered. If 
RACK is already asserted, the RT state sequence Is 
entered. 

RTI Replacement Transfer Idle state. Waits for the system 

bus to be granted via RACK, then transitions to RT1. 

RT1 First Replacement Transfer state. While RACK is on, 

proceeds directly to RT2. 

RT2 Second replacement transfer state. Waits forSRDYto be 

asserted, indicating the system bus memory is ready to 
begin the transfer, the goes to RT3. 

RT3 Third RT state. The read data is written to the cache data 

store, and if the sub-block transfer is complete or the 
transfer is aborted, the RTw state is entered. If not 
complete, and burst transfers are not requested, a 
return is made to RT1 to begin another single-word 
transfer. If in burst mode, RT4 is enered to get the rest of 
the sub-block. If a retry is requested, RTr is entered. 

RT4 Fourth RT state. Used only for burst transfers, which 

take two clocks each. Until replacement Is complete, the 
state machine ping-pongs between RT4 and RT5. The 
data is written at RT5. 

RT5 Last RT state. Accepts data from burst transfers. If the 

transfer is over, RTw is entered. On a retry request, RTr 
is entered. 
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Table 1. Bus Interface States (cont) . 

Bus State Description 

RTr RT retry state. Transitions directly to RT1 , which begins 

the cycle again. 

RTw RT recovery state. During this state, if the replacement 

was successful, the jtiPD71641 tag store is updated, and 
the data that the CPU requested is made available. If the 
Cycle was aborted, the bypass state is entered. 

Tb Bypass state. The bypass cycle was started by T2 so Tb 

waits for the system memory to respond with SRDY, then 
returns to Ti. 

Tf Fatal error state. If during Tm an unrecoverable error 

occurs, Tf Is entered to record the error, then a bypass 
cycle is entered by going to Tb. 



Diagnosis Sequencer 

The diagnosis sequencer consists of the directory trace 
sequencer and the internal diagnosis sequencer. The 
directory trace sequencer performs cache self- 
diagnostics and dump processing. The internal diagno- 
sis sequencer sequentially generates the memory diag- 
nostics data for the issuance of internal diagnostics 
commands, and the collects the data. 



Figure 3. Bus State Diagram 
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ELECTRICAL SPECIFICATIONS 



AC Characteristics (cont) 



Absolute Maximum Ratings 

T A = 25°C 




Supply voltage,V D D 


-0.5 to +7.0 V 


Input voltage 


Other than CLK, V h 


-0.5 to V DD +0.3 V 


CLKV, 2 


-0.5toV DD +1.0V 


Output voltage, Yo 


-0.5 to V DD +0.3 V 


Operating temperature range, Ton- 


-10 to +70°C 


Storage temperature range, Tstq 


-60 to +150°C 



Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. 

Capacitance 

T A = +25°C; V DD - GND = V 



Parameter 



Symbol Mln Max Unit Condition 



Input capacitance 



15 



PF 



Output capacitance Cq 



15 pF 



f = 1 MHz; 
unmeasured 
pins returned 



Input/output 
capacitance 


Co 




15 


PF 


toOV 


DC Characteristics 

T A = -10 to +70°C; V DD = 


+ 5.0 V ±10% 






Parameter 


Symbol 


Mln 


Max 


Unit 


Condition 


Input voltage, 


V|H1 


2.2 


V DD + 0.3 


V 


Other than CLK 


high 


V|H2 


4.0 


V DD + 0.3 


V 


CLK 


Input voltage, 


V|L1 


-0.5 


0.8 


V 


Other than CLK 


low 


V|L2 


-0.5 


0.6 


V 


CLK 


Output voltage, 
high 


V H 


2.4 




V 


Ioh = -400 jtiA 


Output voltage, 
low 


Vol 




0.45 


V 


Iol = 3.2 mA 


Input leakage 
current 


Ili 




±10 


VA 




Output leakage 
current 


Ilo 




±10 


VA 




Operating 
current 


•dd 




250 


mA 


f| N = 20 MHz 


AC Characteristics 

T A = -10 to +70°C; V DD = 


+5 V ±5% 






Parameter 


Symbol 


Mln Max 


Unit 


Condition 


Clock 


Clock frequency 


*CYK 




50 125 


ns 




CLK high-level 
width 


*KKH 




20 


ns 


V| H2 = 3.0 V 



Parameter 


Symbol 


Mln 


Max 


Unit Condition 


CLK low-level width 


*KKL 


20 




ns V| L2 = 1.7 V 


CLK rise time 


*RK 




3 


ns 1.7 to 3.0 V 


CLK fall time 


*FK 




3 


ns 3.0 to 1.7 V 


Reset, Purge 



Number of reset 
clock 


tCYKRS 


10 


*CYK 


RESET setup time 
(vs. CLK I) 


*SRSK 


7 


ns 


RESET retention 
time (vs. CLK I) 


*HKRS 


8 


ns 


Number of purge 
clock 


tCYKPG. 


3 


*CYK 


PURGE setup time 
(vs. CLK 4) 


tSPGK 


7 


ns 



PURGE retention 
time (vs. CLK I) 



*hkpg 8 



CPU Input 



Address setup time 
(vs. CLK 1) 



*SAK 



RT/B7 setup time 
(vs. CLK i) 



tSRTK 7 



ns C[_ = 100 pF 



Address retention 
time (vs. CLK 1) 


*HKA 


15 


ns 


BCY setup time 
(vs. CLK 1) 


*SBCK 


7 


ns 


BCY retention time 
(vs. CLK 1) 


tHKBC 


8 


ns 


C~3~ setup time 
(vs. CLK 1) 


*SCSK 


7 


ns 


C~S~ retention time 
(vs. CLK 1) 


tHKCS 


8 


ns 


CMD setup time 
(vs. CLK 1) 


*SCMK 


7 


ns 


CMD retention 
time (vs. CLK 1) 


tHKCM 


8 


ns 


BYPI setup time 
(vs. CLK 1) 


tSBIK 


7 


ns 


BYPI retention time 
(vs. CLK 1) 


*HKBI 


8 


ns 


R/W setup time 
(vs. CLK 1) 


*SRWK 


7 


ns 


R/W retention time 
(vs. CLK 1) 


*HKRW 


8 


ns 


CLAMP setup time 
(vs. CLK 1) 


*SCPK 


25 


ns 


CLAMP retention 
time (vs. CLK 1) 


*HKCP 





ns 
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AC Characteristics (cont) 



Parameter 



Symbol Mln Max Unit Condition 



RT/B7 retention 
time (vs. CLK 4) 



t HKRT 



8 



ns C L = 100 pF 



DPAR setup time 
(vs. CLK 4) 



*SDPK 



DPAR retention *hkdp 
time (vs. CLK 4) 


8 


ns 






CPU-Side Output Timing Specifications 


Parameter 


Symbol 


Max 


Unit 


Condition 


Add valid -* AHIT delay 


*DAAH 


50 


ns 


C L - 25 pF 


CLK 4-CKD7 valid delay 


*DKCRY 


25 


ns 


C L = 100 pF 


CLK 4 -MT55" valid delay 


*DKMS 


25 


ns 




CLK T-B7R5 valid delay 


tDKBO 


25 


ns 




CLKT-CH6-CR3 4delay 


tDKCRL 


25 


ns 




CLK4-CR0-CR§tdelay 


tDKCRH 


25 


ns 




CLK 4 — CW5 - CW3 valid delay t DKC w 


25 


ns 




CLKT — CR20 - CRIT 4 delay t DKCR2L 


25 


ns 




CLK 4 -► CR20 - CR21 t delay t DKCR2H 


25 


ns 




CLK 4 - CW20- CW21 delay 


*DKCW2 


25 


ns 




CLK t — FATAL valid delay 


*DKFT 


25 


ns 




CLKT -FAULT valid delay 


*DKFL 


25 


ns 




Command Access/Bus Monitor Timing 
Specifications 


Parameter 


Symbol Mln Max Unit 


Conditions 


RA0-RA3 set-up time (CLK 1) t S RAK 10 




ns 


C L = 100 pF 


RA0-RA3 hold time (CLK 1) 


*HKRA 10 




ns 




D -D 3 setup time (CLK T) 


tsDK 15 




ns 




D -D 3 hold time (CLKT) 


*HKD 8 




ns 




D0-D3 valid delay 


tpKD 


25 


ns 




D0-D3 float delay 


*FKD 




ns 




MA hold time (CLK 4) 


tHKMA 8 




ns 




MA setup time (CLK 4) 


tSMAK 15 




ns 




MAS hold time (CLK 4) 


*HKMS 10 




ns 




MAS setup time (CLK 4) 


*SMSK 10 




ns 





Replace/Bypass Timing Specifications 

Parameter Symbol Mln Max Unit Conditions 

BRC setup time t SBRK 7 ns Cl = 100 pF 

(CLK 4) 



BRC hold time 
(CLK 4) 


tHKBR 


8 




ns 


CLKT-RREQ 
valid delay 


bKRRQ 




25 


ns 


RACK setup time 
(CLK 4) 


tSRKK 


7 




ns 


RaCR hold time 
(CLK 4) 


*HKRK 


8 




ns 


CLK 4 -RAl valid 
delay 


*DKRAE 




25 


ns 


CLKT-EBC7 
valid delay 


*DKRB 




25 


ns 


CLKT — RC valid 
delay 


*DKRC 




25 


ns 


CLKT — RC float 
delay 


tFKRC 






ns 


SRDY setup time 
(CLK 4) 


tsSRYK 


7 




ns 


SRDY hold time 
(CLK 4) 


*HKSRY 


8 




ns 


BERR setup time 
(CLK 4) 


tSBEK 


7 




ns 



BERR hold time t H KBE 8 

(CLK 4) 



DUMP Timing Specifications 


Parameter Symbol Mln Max 


Unit 


Conditions 


CLK4-.MA3-MA3V t DKMA 25 
delay 


ns 


C L = 100 pF 


CLK4-*MA3-MA 31 t FKMA 
floating 


ns 
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CPU Input 
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CPU Output 
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Command Access Timing 
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Bus Monitor Timing 
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Section 6 
Development Tools 



CC70116 

V-Series C Compiler 


6a 


DDK-70320 

Evaluation Board for V25 Microcomputer 


6b 


DDK-70330 

Evaluation Board for V35 Microcomputer 


6c 


IE-70136 

In-Circuit Emulator for /xPD701 36 (V33) 
Microprocessor 


6d 


IE-70136-PC 

In-Circuit Emulator for jaPD70136 (V33) 
Microprocessor 


6e 


IE-70208, IE-70216 

In-Circuit Emulators for ^PD70208 (V40) and 
HPD70216 (V50) Microprocessors 


6f 


IE-70320 

In-Circuit Emulator for /aPD70320/70322 (V25) 
Microcomputers 


eg 


IE-70330 

In-Circuit Emulator for ^PD70330/70332 (V35) 
Microcomputers 


6h 


RA70116 

Relocatable Assembler Package for V20-V50 
Microprocessors 


6i 


RA70136 

Relocatable Assembler Package for V33 
Microprocessor 


6j 


RA70320 

Relocatable Assembler Package for V25A/35 
Microcomputers 


6k 


V25/V35 MINI-IE Plus 

In-Circuit Emulator 


61 


V40/V50 MINI-IE 

In-Circuit Emulator 


6m 
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CC70116 
V-Series C Compiler 



Description 

The CC70116 C Compiler package converts standard C 
source code into relocatable object modules for the NEC 
V20® GuPD70108), V30® (/tPD70116), V40™ OiPD70208), 
and V50™ (^PD70216) microprocessors and the V25™ 
OnPD70320) and V35™ (juPD70330) single-chip micro- 
computers. These modules are compatible with those 
produced by the RA70116 V20-V50 Relocatable Assem- 
bler package and the RA70320 V25/V35 Relocatable As- 
sembler package and may be linked with other modules 
using the appropriate linker provided with the assembler 
package. 

Features 

a Standard Kernighan and Ritchie C 

— Defined in UNIX System III 

° Supports small and large memory models 

e NEC enhancements 

— Enumeration data type support 

— Assignment of all members by a structure name 

— Ability to use identical names in identifiers of 
different types in different structures 

— Addition of a void type to declare functions with 
no return value 

— Addition of char as a data type for which 
unsigned can be specified 

— Ability to initialize structures with bit fields 

n CC70116 library conforms to UNIX System III 
specifications 

— MS-DOS® and CP/M-86® dependent functions 
included 

n C macros for sorting and converting ASCII code 
characters 

e User-selectable object code optimizer 



V20 and V30 are registered trademarks of NEC Corporation. 

V25, V35, V40 and V50 are trademarks of NEC Corporation. 

UNIX is a trademark of AT&T. 

CP/M-86 is a registered trademark of Digital Research Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 

Corporation. 



a Runs under a variety of operating systems 
- MS-DOS 
-VAX/VMS® 
-VAX/UNIX™ 4.2 BSD or Ultrix® 

Ordering Information 



Part Number 



Description 



CC70116-D52 



MS-DOS, 5" double-density floppy diskette 



CC70116-WT1 



VAX/VMS, 9-track 1600BPI magnetic tape 



CC70116-VXT1 



VAX/UNIX 4.2 BSD or Ultrix, 9-track 1600BPI 
magnetic tape 



Extensions to Standard C 

Enumeration datatype: Similartothe enumerated type in 
Pascal, this allows the definition of a limited set of 
[mnemonic] values for a variable, thus preventing as- 
signment of invalid values to the variable. 

Assignment of all members by a structure name: Allows 
assignment of all the members of a structure from 
another structure of the same type simply by using the 
names of the structures. 

Ability to use identical names for identifiers of different 
types in different structures: Allows the same member 
name in two different structures to have a different name 
in each. 

Addition of a void type: Prevents the use of functions 
which return no value in expressions where a return 
value is required. 

Addition of char as a data type for which unsigned can 
be specified: Allows the full 8 bits of the char data type to 
be used as a value, rather than only the low-order 7 bits. 

Ability to initialize structures with bit fields: Allows 
structure with bit-field members to be initialized via the 
C construct. 

Compiler Options 

The CC701 16 C Compiler supports the following options 
during compilation. 



Generates assembly language listing 
Specifies drive for compiler phases 
Leaves comments in C source image file (used 
with P) 

Defines a name 



CC70116 
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E Outputs C source image to a standard output 

device after only compiler control line 
processing 

H Generates an object module for the interrupt 

handling section of RX1 16 (realtime operating 
system) 

I Specifies drive for include files 

NS Suppresses symbol table information in object 
module 

O Selects optimization 

P Outputs C source image to a file after only 

compiler control line processing 
T Limits compiler phases to be input from drive 

selected by B option 
U Nullifies the initial definition of the name 

defined by D option 

X Generates object code for the large model 

Memory Models 

The CC70116 supports the small and large memory 
models. With the small model, a total of 128K bytes of 
memory can be accessed: 64K bytes for data and 64K 
bytes for code. With the large model, up to 1M byte of 
memory can be accessed for code and data. In addition, 
data constants can be permanently encoded into the 
ROM space. Programs using the small memory model 
are more efficient in terms of space utilization and 
execution speed and are recommended when your pro- 
gram can fit into one data and one code segment. 

CC70116 Library Functions 

The CC70116 C Compiler library conforms to the UNIX 
System III library specifications. Some library routines 
are operating system dependent and may only be used 
to create programs that run under MS-DOS or CP/M-86; 
other functions do not call the operating system, and 
may be used in any program. 

In the list below, the asterisk (*) means user system, 
MS-DOS, or CP/M-86 dependent. 



abort* 


fread 


MSDOS1* 


srahd 


abs 


freopen 


MSDOS2* 


sscanf 


access* 


fscanf 


MSDOS3* 


strcat 


atoi 


fseek 


open* 


strchr 


atol 


ftell 


perror 


strcmp 


close* 


fwrite 


printf 


strcpy 


creat* 


getchar 


putchar 


strlen 


exit* 


gets 


puts 


strncat 


fclose 


getw 


putw 


strncmp 



fdopen 


Iseek* 


qsort 


strncpy 


fflush 


mktemp 


rand 


swab 


fgetc 


mpm1* 


read* 


ungetc 


fgets 


mpm2* 


rewind 


unlink* 


fopen 


mpm3* 


sbrk* 


write* 


fprintf 


mpm4* 


scanf 




fputc 


mpm5* 


setbuf 




fputs 


mpm6* 


sprintf 




C Macros 









included with the C compiler are C macros for sorting 
and converting ASCII code characters. These macros 
are listed below. 



_tolower 


getchar 


isgraph 


isxdigit 


_toupper 


salnum 


islower 


putc 


feof 


isalpha 


isprint 


putchar 


ferror 


isascii 


ispunct 


toascii 


fileno 


iscntrl 


isspace 




getc 


isdigit 


isupper 





Start-Up Modules 

Six small and large start-up modules are included in the 
CC70116 C Compiler package to initialize programs 
generated by the compiler: modules for embedded sys- 
tems; modules for executing programs under the MS- 
DOS operating system; modules for executing programs 
under the CP/M-86 operating system. 

Operating Environment 

The CC70116 package can be supplied to run under a 
variety of operating systems. One version is available for 
an MS-DOS system with one or more disk drives and at 
least 128K bytes of system memory. Other versions are 
available to run on a Digital Equipment Corporation VAX 
computer with UNIX 4.2 BSD or Ultrix or VMS (Version 
4.1 or later) operating systems. 

To produce executable programs, a linker (LK70116 or 
LK70320) and a hexadecimal object code converter 
(OC70116 or OC70320) program are required and the 
librarian (LB70116 or LB70320) program is useful. These 
programs are available separately from NEC Electronics 
Inc. as part of the RA701 16 V20-V50 Relocatable Assem- 
bler package or the RA70320 V25/V35 Relocatable As- 
sembler package. 

The linker produces an absolute load module containing 
both symbol and source code line number information 
and the absolute object code. This module may be 
loaded directly into the appropriate NEC in-circuit emu- 
lator for execution with full symbolic debug capabilities. 
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The hexadecimal object code converter produces an 
extended hexadecimal format object code file that may 
be loaded into a PROM programmer. 

Documentation 

For further information on source program format, com- 
piler operation, and actual program examples, the fol- 
lowing documentation is furnished with the CC70116 
compiler package. Additional copies may be obtained 
from NEC Electronics Inc. 

• CC70116, V-Series C Compiler Operation Manual 
(MS-DOS) 

• CC70116, V-Series C Compiler Operation Manual 
(VMS) 

• CC70116, V-Series C Compiler Operation Manual 
(UNIX) 

License Agreement 

CC701 16 is sold under terms of a license agreement that 
must be completed and returned to NEC Electronics 
before the C compiler is shipped. A copy of this license 
agreement may be obtained from any NEC Electronics 
Sales Office. Software updates are provided to regis- 
tered users. 
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DDK-70320 

Evaluation Board 

for V25 Microcomputer 



a On-board memory 

— 32K-byte EPROM (user expandable to 64K bytes) 

— 32K-byte RAM (user expandable to 64K bytes) 

D Powerful on-board debug monitor 

— Real-time and single-step operation 

— Display/change memory and internal registers 

— Display/change special-function registers 

— Line assembler and disassembler 

— Multiple software breakpoints 

— Input/output from I/O ports 

— User program download capability 

a Two RS-232C serial interfaces 

— One for a terminal or host computer 

— One for a user application 

° Prototyping area for user circuitry 

a IBM PC card form factor 

a RA70320 V25/V35 Relocatable Assembler package 

n Host control software for IBM PC, PC/XT, PC AT, or 
compatibles 

e V-Series software utilities and demonstration 
programs 



Part Number 



DDK-70320 



Description 

The DDK-70320 is an evaluation board for NEC's 
jxPD70320 (V25™) 16-bit, single-chip microcomputer. 
The DDK-70320 gives you maximum flexibility when 
evaluating and designing with the jaPD70320. It features 
a j*PD70320 with 32K bytes of EPROM, 32K bytes of 
RAM, two RS-232C communication ports, and a power- 
ful monitor program. The DDK-70320 is on an IBM PC 
compatible card and includes a prototyping area for 
building your application-specific hardware. 

A copy of RA70320, the V25/V35™ Family Relocatable 
Assembler package for use on an IBM PC, PC/XT®, PC 
AT®, or compatible host computer, is shipped with each 
DDK-70320 to allow you to develop code for evaluation 
purposes. Also included with the DDK-70320 is an emu- 
lator controller program for the IBM PC, a variety of 
V-Series software utilities, a small demonstration pro- 
gram, and a complete set of documentation. This total 
package provides you with a fast, efficient means for 
evaluating the capabilities of the /uPD70320 for your 
application. 

Features 

° /iPD70320 (V25) Evaluation Board with power supply Hardware 



Ordering Information 



Description 



fiPD70320 Evaluation Board 



V25 and V35 are trademarks of NEC Corporation. 

PC/XT and PC AT are registered trademarks of International Business 

Machines Corporation. 

DDK-70320 Evaluation Board 




The DDK-70320 (figure 1) features 64K bytes of on-board 
memory: 32K bytes of EPROM and 32K bytes of RAM. 
The EPROM area, which is dedicated to a powerful 
monitor program, can be expanded up 64K bytes. The 
RAM area can also be expanded to 64K bytes and 
contains the interrupt vector space, the monitor work 
area, and a user area for program downloading. 

A /xPD71051 serial communications controller is con- 
nected through an RS-232C driver/receiver to a DB25 pin 
connector. The monitor uses this serial interface to 
communicate with an external terminal or host com- 
puter. A second RS-232C channel is connected to serial 
port of the V25 for user applications. 

A RESET switch returns the DDK-70320 to the power-up 
state with or without losing the contents of the external 
RAM. An NMI switch returns control to the monitor from 
a user program while saving the user's state. 

An ac/dc converter supplies power to the DDK-70320 in 
the stand-alone mode. The DDK-70320 can also receive 
its power directly from the IBM PC bus. 



DDK-70320 




Software 

The DDK-70320 comes with a powerful interactive mon- 
itor to facilitate software design using the ^PD70320. A 
user program can be downloaded into user RAM and 
executed in real-time with or without breakpoints, or it 
can be executed one instruction at a time. During 
single-stepping^the registers, program counter, and the 
next instruction to be executed are displayed. 



The DDK-70320 has 10 address breakpoints, which are 
set in the GO command line. The monitor sets a break- 
point by substituting a BRK 3 instruction (opcode CCH) 
for an instruction in the user's program. 

Additional commands are available to display, fill, 
change, or move memory; display or change the general- 
purpose and special-function registers; input from or 
output to an I/O port; disassemble memory; assemble a 
line of source code; and display the command list. Table 
1 lists all of the DDK-70320 monitor commands. 



Figure 1. DDK-70320 Block Diagram 
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Table 1. DDK-70320 Command List 



Command 


Description 


A 


Assemble) a line of source code 


D 


D(ump) memory 


E- 


E(nter) memory 


F 


F(ill) memory 


G 


G(o) with optional breakpoints 


H 


H(elp) menu 


I l(nput) a byte from an I/O port 


L 


L(oad) a HEX file onto the DDK-70320 


M 


M(ove) a block of memory , 





0(utput) a byte to an I/O port 


R 


R(egister) display/alter R[reg] 


S 


S(pecial) function register display/alter 


T 


T(race) execution 


U 


U(nassemble) a block of memory 


? 


H(elp) menu 



RA70320 Relocatable Assembler 
Package 

The RA70320 Relocatable Assembler package converts 
symbolic source code for NEC's V25/V35 family of mi- 
crocomputers into executable absolute address object 
code. A copy of RA70320 is included with the DDK-70320 
for use on an IBM PC, PC/XT, PC AT, or compatibles. With 
this software, you can easily write evaluation programs 
for the jiPD70320. 

Emulator Controller Program 

Absolute address object files produced by the RA70320 
Relocatable Assembler package can be downloaded to 
the DDK-70320 using the NEC Emulator Controller pro- 
gram supplied with the DDK-70320. This controller pro- 
gram allows you to download files from your IBM PC or 
compatible to the DDK-70320 board. The program pro- 
vides the following additional capabilities. 

• Complete DDK-70320 control from host console 

• On-line help facilities 

• Host system directory and file display 

• Storage of debug session on disk 
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Documentation 

For further information, refer to the DDK-70320 User's 
Manual supplied with the evaluation board. Additional 
copies may be obtained from NEC Electronics Inc. 

License Agreement 

RA70320 is provided under the terms of a license agree- 
ment included with the DDK-70320 board. The accom- 
panying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 
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DDK-70330 

Evaluation Board 

for V35 Microcomputer 



Description 

The DDK-70330 is an evaluation board for NEC's 
^PD70330 (V35™) 16-bit, single-chip microcomputer. 
The DDK-70330 gives you the maximum flexibility when 
evaluating and designing with the /*PD70330. It features 
a juPD70330 with 128K bytes of EPROM, 128K bytes of 
RAM, two RS-232C communication ports, and a power- 
ful monitor program. The DDK-70330 board includes a 
prototyping area for building your application specific 
hardware. 

A copy of RA70320, the V25™/V35™ Family Relocatable 
Assembler package for use on an IBM PC, PC/XT®, PC 
AT®, or compatible host computer, is shipped with each 
DDK-70330 to allow you to develop code for evaluation 
purposes. Also included with the DDK-70330 is an emu- 
lator controller program for the IBM PC, a variety of 
V-Series software utilities, a small demonstration pro- 
gram, and a complete set of documentation. This total 
package provides you with a fast, efficient means for 
evaluating the capabilities of the jiPD70330 for your 
application. 

Features 

n /iPD70330 (V35) Evaluation Board with power supply 

a On-board memory 
-128K-byte EPROM 

— 128K-byte RAM (user expandable to 51 2K bytes) 

n Powerful on-board debug monitor 

— Real-time and single-step operation 

— Display/change memory and internal registers 

— Display/change special-function registers 

— Line assembler and disassembler 

— Multiple software breakpoints 

— Input/output from I/O ports 

— User program download capability 

a Two RS-232C serial interfaces 

— One for a terminal or host computer 

— One for a user application 

e Prototyping area for user circuitry 

a RA70320 V25/V35 Relocatable Assembler package 



n Host control software for IBM PC, PC/XT, PC AT, or 
compatibles 

e V-Series software utilities and demonstration 
programs 

Ordering Information 



Part Number 



Description 



DDK-70330 



fiPD70330 Evaluation Board 



Hardware 

The DDK-70330 (figure 1) features 256K bytes of on- 
board memory: 1 28K bytes of EPROM and 1 28K bytes of 
RAM. The EPROM area includes a powerful monitor 
program and a user area. The RAM area can be ex- 
panded to 51 2K bytes by replacing the 64K x 4 dynamic 
RAMS with 256K x 4 dynamic RAMS. This RAM space 
contains the interrupt vectors, the monitor work area, 
and a user area for program downloading. 

A ^PD72001 multiprotocal serial communications con- 
troller is connected through an RS-232C driver/receiver 
to a DB25 pin connector. The monitor uses this serial 
interface to communicate with an external terminal or 
host computer. A second RS-232C channel is available 
for connection to the second channel of the /iPD72001 or 
one of the serial ports of the jaPD70330 for user applica- 
tions. DMA interface circuitry between the /*PD72001 
and the V35 is provided to allow the you to evaluate the 
DMA capabilities of both devices. 

A RESET switch returns the DDK-70330 to the power-up 
state with or without losing the contents of the external 
RAM. An NMI switch returns control to the monitor from 
a user program while saving the user's state. An ac/dc 
converter supplies power to the DDK-70330. 



V25 and V35 are trademarks of NEC Corporation. 

PC/XT and PC AT are registered trademarks of International Business 

Machines Corporation. 
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Figure 1. DDK-70330 Block Diagram 
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Software 

The DDK-70330 comes with a powerful interactive mon- 
itor to facilitate software design using the mPD70330. A 
user program can be downloaded into user RAM and 
executed in real-time with or without breakpoints, or it 
can be executed one instruction at a time. During 
single-stepping, the registers, program counter, and the 
next instruction to be executed are displayed. 

The DDK-70330 has 10 address breakpoints, which are 
set in the GO command line. The monitor sets a break- 
point by substituting a BRK 3 instruction (opcode CCH) 
for an instruction in the user's program. 

Additional commands are available to display, fill, 
change, or move memory; display or change the general- 
purpose and special-function registers; input from or 
output to an I/O port; disassemble memory; assemble a 
line of source code; and display the command list. Table 
1 lists all of the DDK-70330 monitor commands. 



Table 1. 


DDK-70330 Command List 


Command 


Description 


A 


Assemble) a line of source code 


D 


D(ump) memory 


E 


E(nter) memory 


F 


F(ill) memory 


G 


G(o) with optional breakpoints 


H 


H(elp) menu 


1 l(nput) a byte from an I/O port 


L 


L(oad) a HEX file onto the DDK-70330 


M 


M(ove) a block of memory 





O(utput) a byte to an I/O port 


R 


R(egister) display/alter R[reg] 


S 


S(pecial) function register display/alter 


T 


T(race) execution 


U 


Unassemble) a block of memory 


? 


H(elp) menu 



RA70320 Relocatable Assembler Package 

The RA70320 Relocatable Assembler package converts 
symbolic source code for NEC's V25A / 35 family of mi- 
crocomputers into executable absolute address object 
code. A copy of RA70320 is included with the DDK-70330 
for use on an IBM PC, PC/XT, PC AT, or compatibles. With 
this software, you can easily write evaluation programs 
for the /tPD70330. 

Emulator Controller Program 

Absolute address object files produced by the RA70320 
Relocatable Assembler package can be downloaded to 
the DDK-70330 using the NEC Emulator Controller pro- 
gram supplied with the DDK-70330. This controller pro- 
gram allows you to download files from your IBM PC or 
compatible to the DDK-70330 board. The program pro- 
vides the following additional capabilities. 

• Complete DDK-70330 control from host console 

• On-line help facilities 

• Host system directory and file display 

• Storage of debug session on disk 

Documentation 

For further information, refer to the DDK-70330 User's 
Manual supplied with the evaluation board. Additional 
copies may be obtained from NEC Electronics Inc. 

License Agreement 

RA70320 is provided under the terms of a license agree- 
ment included with the DDK-70330 board. The accom- 
panying card must be completed and returned to NEC 
Electronics Inc. to register the license. Software updates 
are provided to registered users. 
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IE-70136 

In-Circuit Emulator 

forpPD70136 (V33) Microprocessor 



Description 

The IE-70136 is a portable, stand-alone, in-circuit emu- 
lator that provides hardware emulation and software 
debug capabilities for the /*PD70136 (V33™) 16-bit mi- 
croprocessor. 

Real-time and single-step emulation— coupled with soft- 
ware performance analysis, sophisticated memory map- 
ping, symbolic debugging, macrofile command facili- 
ties, user-programmable breakpoints and trace 
qualifiers— create a powerful development environment. 

Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or they can be loaded 
directly from an MS-DOS® disk. 

Features 

n Portable, stand-alone, in-circuit emulator 

— 9.5-inch amber CRT display 

— Two 5-inch, 640K-byte floppy-disk drives 

— ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

— Supports NEC's V20®, V30®, V25™, V35™, V40™, 
V50 ™ , V53 ™ , and V60 ™ microprocessors 

° Precise real-time and single-step emulation 

— Selectable internal clock: 8 MHz or 16 MHz 

— Up to 16-MHz external TTL clock 

n Emulation memory bus size selection 

e 256K bytes of memory for prototype memory 

emulation; mappable into 16M-byte address space in 
4K-byte units 

° Automatic break with disconnected target I/O 
access 

n Six user-programmable hardware breakpoints 

— Real-time break on address, data, CPU status, or 
external input 

— Selectable as execution or nonexecution 

° 256 user-programmable software breakpoints 

V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks 
of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 



a Trace buffer: disassemble, frame, and code trace 
display 

— 8192 frames by 64 bits 

— Programmable enable/disable points 

n Performance modes available for software 
performance evaluation: time interval, module 
activity, and count modes 

D Full symbolic debug capabilities 

n Symbolic line assembler and disassembler 

a Macrofile command capability 

n Dual window display in emulation mode 

n Softkey and menu-driven user input 

a System commands are available while in emulation 
mode 

Ordering Information 



Part Number 


Description 


IE-70136-A016 


In-circuit emulator for fiPD70136 (V33) 


EP-70136L-A 


68-pin PLCC/PGA emulation probe/socket 


EP-70136GJ-A 


74-pin plastic QFP emulation probe 



HARDWARE DESCRIPTION 

The IE-70136 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 
inch, 640K-byte floppy-disk drives, an EPROM program- 
mer, a card cage, a power supply, and three control 
boards. The boards are main CPU, expansion system 
memory, and emulation pod interface. 

The main CPU board contains a supervising CPU, 51 2K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi- 
tional 51 2K bytes of system memory. 

The emulation pod interface contains the clock selection 
logic, emulation bus sizing switch, and enabling of the 
RDY and BS8/BS16 signals from the target to emulator 
memory. The emulation pod contains the V33 EVACHIP, 
external event input, trigger out, and target interface. 
This unit connects to the target system by the EP- 
70136L-A emulation probe forthe 68-pin PLCC/PGA. For 
the 74-pin plastic QFP, an EP-70136GJ-A probe adapter 
is also needed. 
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The IE-70136 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RGB video output. 

The emulator can be converted to support NEC's V20, 
V25, V30, V35, V40, V50, V53, and V60 CMOS micropro- 
cessors by exchanging the appropriate control boards 
and the emulation pod unit. 



Figure 1. IE-70136 System Configuration 




Memory and I/O Mapping Capabilities 

The IE-70136 contains 256K bytes of zero wait-state 
emulation memory; 252K bytes are available for emulat- 
ing target RAM (read/write) or ROM (read only) and the 
remaining 4K bytes are reserved for use by the system 
monitor. 

The complete 16M-byte memory space of the jxPD70136 
must be mapped into one of the following categories. 

Target Memory resident in target system (read/ 

write) 
ROM External ROM emulation memory (read 

only) 
RAM External RAM emulation memory (read/ 

write) 
Locked Access inhibited memory (remaining 

unmapped addresses) 

All memory mapping is executed in 4K-byte blocks using 
the Configure and Mapping softkey commands. If an 
address mapped as "locked" is accessed or a write is 
attempted to ROM, a break in the emulation will occur. 

The I/O space of the jkPD70136 is always mapped to the 
target. If the probe is not connected to a target system, a 
break will occur in emulation when any target I/O is 
accessed. 



The target NMI and INT signals may be enabled or 
disabled by the Configure command. 

Emulation 

The IE-70136 executes ^PD70136 user programs in real 
time in three different modes: break, trace, and perfor- 
mance. In break emulation mode, the program is run in 
real time or in single-step mode until a breakpoint is 
encountered. In trace emulation mode, the program is 
executed in real time while filling the trace buffer with 
bus information. 

In performance emulation mode, the emulator can: 

(1) Measure the execution time between enable and 
disable points 

(2) Measure the accumulated execution time in three 
areas of memory and then display the ratio of time 
spent within each area in both absolute and rela- 
tive terms 

(3) Count the number of times a particular trigger 
point is satisfied between enable and disable 
points. 

Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In performance 
mode, time is shown in a table and in a bar graph. At this 
point, it is possible to display the contents of memory, 
the general-purpose and special registers, the symbol 
tables, directories, and other information. All can be 
displayed individually or in split screen with the trace 
display. The windows may be scrolled independently. 

Break Capabilities 

The IE-70136 has six hardware breakpoints. Five can be 
set to occur in response to a real-time event with the 
BCond command. The remaining one is reserved for 
setting a real-time address (execution only) breakpoint 
with the GO command. 

You can use the BCond command to set breakpoints to 
occur on an address, a data value, or a CPU state. 
Hardware breakpoints can be either an execution or 
nonexecution type. An execution break occurs when an 
instruction is clocked into the execution unit of the V33. 
A nonexecution break occurs when the bus condition is 
satisfied regardless of the status of the instruction 
queue. 

An enable and disable point can also be specified to 
indicate when detection of hardware break and trace is 
to start and stop. If not specified, trace and break 
detection is enabled when the GO command is exe- 
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cuted. The external channel can also be used to create 
a breakpoint. Either the rising or falling edge can be 
selected. 

Up to 256 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. A Check com- 
mand is provided to verify that the breakpoint can 
actually be set. 

Trace Capabilities 

The trace buffer is 8192 frames by 64 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in round-robin fashion. The emulator traces the 
external address and data buses, the CPU and queue 
status, and control signals. 

The IE-70136 has five trace trigger points. When the 
trigger condition is true, a positive logic pulse is output 
on the TRIGGER OUT pin of the emulator pod. Separate 
ENABLE and DISABLE points can be set to restrict 
tracing or trigger detection to a particular section of 
program code. If not used, tracing and trigger detection 
will be enabled when the GO command is issued. An 
address point can be set with the GO command to 
record the trace after, about, or before the condition is 
true. The external input can also be used as a trigger 
point. Either a positive or negative edge can be speci- 
fied. 

The trace data may be displayed in one of three modes: 
disassembly, frame, or code. In disassembly mode, fetch 
and execution cycles are displayed separately, and bus 
cycles are rearranged so that a fetch cycle and its 
associated execution cycle are displayed next to each 
other. In frame mode, the CPU bus cycle conditions are 
displayed as traced. In code mode, only the executed 
fetch cycles are displayed. In disassembly and code 
modes, the fetch cycle is displayed bright, the execution 
cycle is dim, and a trigger point is indicated by reverse 
video. 

SOFTWARE DESCRIPTION 

Software Performance Analysis 

Using the IE-70136, software performance can be eval- 
uated in real-time in any one of three different modes: 
run-time interval mode, module activity mode, and count 
mode. Improvements in software performance can be 
statistically measured. 



Run-Time Interval Mode. Execution time from the en- 
able point to the disable point is repeatedly measured, 
and the mean value, the maximum value, the minimum 
value, and the distributed values are stored. The mea- 
sured distribution values, from a maximum of six time 
intervals, can be displayed graphically. 

Module Activity. The accumulated execution time for 
three areas of code (from enable to disable points) can 
be measured. The ratio of time spent in each one 
compared to the total measured time (ABS) and the ratio 
of time spent in each one compared to the time spent in 
all three areas (REL) can be displayed. If the overall 
processing speed does not satisfy the desired speed, 
the portion of the code taking more time can be deter- 
mined and improved. This mode can be very effective for 
increasing total throughput. 

Count Mode. The number of times a trigger point is 
satisfied within an area of code (from enable to disable 
points) can be counted. Up to four trigger points can be 
set and the ratio of the number of times each trigger 
point is satisfied to the total number of all triggers is 
displayed. 

Address Specification 

An address can be specified as either a 24-bit absolute 
address (beginning with a ;) or as a segment:offset 
address. Segment:offset addresses can be either physi- 
cal, addressing only the base 1 M byte, or logical. Logical 
addresses are converted to 24-bit physical addresses by 
the emulator according to the address extension table 
(EXPAND TABLE) specified by the SEText command. 

There are two types of expand tables. One uses the MMU 
(Memory Management Unit) in the CPU. However, con- 
version is done only during a break if the XA flag is set. 
Otherwise, no conversion is performed. A user-defined 
expand table is independent of the MMU. This table is 
defined by loading the extended linker locator output file 
(EL70136), by definition in the program stage, or by 
copying the contents of the MMU. With the user-defined 
table.eonversion is performed regardless of the status of 
the XA flag. 

If the user-defined expand table is selected, conversion 
back to logical address is performed according to this 
table when displaying trace results in disassembly mode. 

System Software 

The IE-70136 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys, providing a choice of up to 24 softkeys 
within any menu level. The dynamically reprogrammed 
softkeys visually prompt with the next valid set of com- 
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mands. The softkeys are at the bottom of the display 
screen and correspond to the eight function keys on the 
keyboard. To select a command, press a softkey. The 
softkeys are automatically relabeled with the next set of 
commands. 

All system functions can be used in emulator mode. The 
IE-70136 system software uses an overlay method so 
that a necessary program is loaded when a command is 
input and then executed. File handling, communica- 
tions, and PROM writing can be performed during emu- 
lation, reducing development time. 

Table 1 shows some of the utility programs provided with 
the emulator. 



Table 1. 


IE-70136 Utility Programs 


Utility 


Function 


EMUV35 


IE-70136 emulator software 


KERMIT 


Communication program for file transfer 


FILESERV 


File management for system disks 


EDITOR 


Full screen editor 


FORMAT 


Floppy-disk formatter 


PROM 


Built-in EPROM programmer control program 


TERMINAL 


Terminal utility program for file transfer between 
emulator and another intelligent device 


SYMBOL 


Symbol table converter; converts non-SROC symbol 
formats to SROC format 


OBJCONV 


Object file converter: converts object files to and from 
the Motorola SROC format 


TIMESET 


Internal battery backed-up clock and calendar setting 


DEFINE 


Soft key definition 


MDEVICE 


Disk format specification 



Connecting to Host Systems 

Host systems may be connected to the IE-70136 using 
the RS-232C connectors at the rear of the machine. 
Parameters such as baud rates, character length, parity, 
and number of stop bits are software programmable to 
suit the system being attached. The KERMIT communi- 
cations program is supplied with the emulator and can 
be used for uploading and downloading files. NEC cur- 
rently provides KERMIT for the VAX® under VMS® and 
UNIX™ 4.2BSD or Ultrix™ , the IBM PC, IBM PC/XT®, IBM 
PC/AT®, or compatibles under PC-DOS® or MS-DOS. 

Files may also be transferred to the emulator via the 
RS-232C ports using the TERMINAL utility. The emulator 
acts as a terminal for data transfer. 

Another means of loading files into the IE-70136 is 
available with the Multiple File Handler utility, a program 



that runs in the emulator itself and is supplied as part of 
the IE-70136 package. The Multiple File Handler allows 
the emulator to read MS-DOS disks, among others. 

Symbolic Debug and Line Assembly/ 
Disassembly 

The IE-70136 supports complete symbolic debugging of 
programs produced by NEC's RA70136 Relocatable As- 
sembler Package and various third-party software pack- 
ages, including those from Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro- 
grams or to enter code from the keyboard. 

SPECIFICATIONS 

Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 

Table 2. IE-70136 Specifications 



AC power 


90 to 132 V, 50/60 Hz, 400 W maximum 


Temperature 


Operating: +5 to -f 40°C 




Storage: -20 to +50°C 


Relative humidity 


Operating: 20 to 80% 


(noncondensing) 


Storage: 10 to 90% 


Weight 


Main chassis: 40 pounds 




Pod and cables: 4-3/4 pounds 


Dimensions (L x W x H) 


19.7 x 16.7 x 8.7 inches 



DOCUMENTATION 

The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70136 In-Circuit Emulator User's Manual 

• IE-70XXX-A Hardware User's Manual 

• IE-70XXX-A Software Utilities User's Manual 



VAX and VMS are registered trademarks of Digital Equipment 

Corporation. 

Ultrix is a trademark of Digital Equipment Corporation. 

UNIX is a trademark of AT&T. 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 

Business Machines Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
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IE-70136-PC 

In-Circuit Emulator 

for pPD70136 (V33) Microprocessor 



Description 

The IE-70136-PC is a low-cost in-circuit emulator that 
provides hardware emulation and software debug capa- 
bilities for the NEC /aPD70136 (V33™) 16-bit micropro- 
cessor. It is designed to be used with an IBM PC, PC/XT®, 
PC AT®, or compatible machine under PC-DOS® or 
MS-DOS®. 

Features 

n Interfaces to host PC via a parallel interface 

— PC interface card and cable included 

a Real-time and single-step emulation 

— 16-MHz internal clock 

— 2- to 16-MHz external clock 

— 65,535 instructions can be stepped in single 
command 

a One 64K-byte block of emulation memory 

a Four user-programmable breakpoints 

— Real-time break on address during instruction 
fetch, data memory read/write, or I/O read/write 

V33 is a trademark of NEC Corporation. 

IBM PC, PC/XT, PC AT, and PC-DOS are registered trademarks of 

International Business Machines Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

Figure 1. IE-70136-PC System Configuration 




n User-programmable software breakpoints 

— 100 logical/physical address breakpoints 
maximum 

— Forced break possible 

a Memory display/fill/move capability in byte or word 
format 

— Access to normal or extended memory 

— Disassembler 

n Macro/batch processing capabilities 

□ Direct access to PC-DOS and MS-DOS system 
commands 

□ LED displays for CPU status: RUN, NOREADY 
HOLD, HALT 

a Load/Save programs using Extended COFF, NEC 
LNK, Intel Extended HEX, and Motorola SROC 
formats 

Ordering Information 



Part Number 



Description 



IE-70136-PC 



In-circuit emulator for fiPD701 36/70332 



EP-70136L-PC 



68-pin PLCC/PGA emulation probe/socket 



IE-70136-PC 
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IE-70208, IE-70216 

In-Circuit Emulators 

for pPD70208 (V40) and pPD70216 (V50) 

Microprocessors 



Description 

The IE-70208 and IE-70216 are portable, stand-alone, 
in-circuit emulators providing both hardware emulation 
and software debug capabilities for the NEC j*PD70208 
(V40™) and juPD70216 (V50™) 16-bit microprocessors. 

Real-time and single-step emulation in both native and 
8080 emulation modes— coupled with sophisticated 
memory mapping, user-programmable breakpoints and 
trace qualifiers, symbolic debug, and macrofile com- 
mand facilities— create a powerful development environ- 
ment. 

Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt the user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or loaded directly from an 
MS-DOS® disk. 

Features 

e Portable, stand-alone, in-circuit emulator 

— 9.5-inch amber CRT display 

— Two 5-inch, 640K-byte floppy-disk drives 

— ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

— Supports NEC's V20®, V25™, V30®, V33™, V35™, 
V53™, and V60™ microprocessors 

a Precise real-time and single-step emulation 

— Programmable internal clock: 2 to 10 MHz in 
1-kHz steps 

— External clock: 2 to 10 MHz 

n Memory and I/O space mappable in 1 K-byte blocks 

a 256K bytes of memory for prototype memory 
emulation; expandable to 768K bytes 

n Eight user-programmable hardware breakpoints 

— Real-time break on address, data, CPU status, or 
external probes 

— Break on pass count and register, memory, or I/O 
values 

— Selectable as execution or code fetch break 

° 16 user-programmable software breakpoints 



V20 and V30 are registered trademarks of NEC Corporation 

V25, V33, V40, V50, V53, and V60 are trademarks of NEC Corporation 



n Trace buffer: machine cycle, mnemonic, and jump 
trace display 

— 1024 frames by 64 bits 

— Programmable trigger point and trace qualifiers 

n Eight optional probes for tracing target system 
signals 

n Full symbolic debug capabilities 

e Symbolic line assembler and disassembler 

° Macrofile command capability 

D Dual window display in emulation mode 

a Softkey and menu driven user input 



Ordering Information 


Part Number 


Package 


IE-70208-A010 


In-circuit emulator for jiPD70208 (with V40 pod) 


IE-70216-A010 


In-circuit emulator for ^PD70216 (with V50 pod) 


IE-70000-2958 


68-pin PLCC package emulation probe 


IE-70000-2959 


68-pin PGA package emulation probe 


IE-70208-2010 


Optional pod unit for pPD70208 emulation 


IE-70216-2010 


Optional pod unit for >»PD70216 emulation 


IE-70000-2954 


Optional external logic probes 


IE-70000-2957 


Optional 512K-byte expansion emulation 
memory 



HARDWARE DESCRIPTION 

The IE-70208/216 (figure 1) consists of a system chassis 
with a detachable ASCII keyboard and an emulation pod 
unit. The chassis houses a 9.5-inch amber CRT, two 5-1/4 
inch 640K-byte floppy disk drives, an EPROM program- 
mer, card cage, power supply, and three control boards. 
The boards are main CPU, emulation control, and trace- 
emulation memory. 

The main CPU board contains the supervising CPU, 
51 2K bytes of system memory, and the peripheral inter- 
faces. The emulation control board controls the memory 
mapping, event detection, and the break and emulation 
CPU status circuitry. The trace-emulation board con- 
tains a trace buffer and 256K bytes of external emulation 
memory. The optional IE-70000-2957, a 512K-byte ex- 
pansion emulation memory board, may be installed to 
increase the external emulation memory to 768K bytes. 
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The external emulation pod unit houses the emulation 
CPU, high-speed buffers, and clock selection logic. The 
emulation pod unit can be connected to the target 
system with one of two emulation probes: IE-70000-2958 
supports the 68-pin PLCC package and the IE-70000- 
2959 supports the 68-pin PGA package. These probes 
are ordered separately. 

The IE-70208/216 supports the following external inter- 
faces: two RS-232C serial ports, one Centronics parallel 
printer port, an RGB video output, and eight optional 
external logic probes. These probes (IE-70000-2954) can 
be used for tracing and/or breaking on signals from the 
target system. 

Ease of migration within the V-Series family of emulators 
is provided in the system design. To alternate between 
V40 and V50 emulation simply requires changing the 
emulation pod unit. The emulator can also be converted 
to. support the V20, V25, V30, V33, V35, V53, and V60 
CMOS microprocessors by exchanging the appropriate 
control boards and the emulation pod unit. 

Figure 1. IE-70208/216 System Configuration 




Memory and I/O Mapping Capabilities 

The IE-70208/216 contains 256K bytes (expandable to 
768K bytes) of emulation RAM (0 wait states) for emu- 
lating external RAM or ROM. The complete 1M-byte 
memory space of the jtPD70208/70216 must be mapped 
into one of the following categories of memory: 

Target Memory resident in target system 

(read/write) 
ROM External ROM emulation memory 

(read only) 
RAM External RAM emulation memory 

(read/write) 
Locked Access inhibited memory 

(remaining unmapped addresses) 

All memory mapping is done in 1K-byte blocks using the 
Configure and Memory softkey commands. If an address 
mapped as "locked" is accessed, a break in the emulation 
will occur. 

The complete 64K-byte I/O space of the /*PD70208/70216 
must be mapped in 1K-byte blocks to the emulation 
memory, the target system, or as "locked" memory. 

Emulation 

The IE-70208/216 executes jiPD70208 and j^PD70216 
user programs in realrtime in four different modes: break, 
trace, count, and time. 

(1) In break emulation mode, the user's program is 
executed in real-time or in single-step until a break- 
point is encountered. 

(2) In trace emulation mode, the user's program is 
executed until the trace buffer is filled. 

(3) During the count emulation mode, the emulator 
counts the number of times a particular trigger 
point is reached within a given set of conditions. 

(4) In time emulation mode, the emulator measures 
execution time between the specified enable and 
disable points. The measurable time range is from 
to 72 minutes (in microseconds). 
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Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this point, it is possible to display the contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 

Prior to the start of emulation, the user can specify 
whether an external or internal clock will be used for 
emulation, whether the internal or external ready signal 
is used, and whether the NMI signal from the target 
system should be enabled or disabled. If the internal 
clock is used, it can be set from 2 to 10 MHz in 1-kHz 
steps. 

Break Capabilities 

The IE-70208/216 has eight hardware breakpoints. Seven 
can be set to occur on a real-time event or a non- 
real-time condition. The remaining one is reserved for 
setting a real-time address breakpoint in the GO 
command. 

A real-time breakpoint can be set to occur on an address, 
a data value, a CPU state, or the external probe status. 
A non-real-time breakpoint can be set to occur after 
satisfying an address/condition setting a certain number 
of times (maximum 4096). 

Conditions pertaining to the general-purpose registers, 
memory locations, I/O locations or the external probes 
can be defined. For non-real-time breakpoints, the user 
program is executed in real time until it reaches the 
address, then emulation pauses while the conditions are 
checked. If the conditions are not satisfied, emulation 
will continue in this manner until they are met. 

To distinguish between the condition occurring at an 
op-code fetch or at the execution of an instruction, each 
breakpoint can be tagged with either a nonexecution or 
execution flag. 

Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. 



Trace Capabilities 

The trace buffer is 1024 frames by 64 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the CPU and queue 
status, and the eight external logic probes. 

The IE-70208/216 has eight trace specification points. 
One of these is reserved for setting a trigger point in the 
GO command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display register, memory, or I/O 
contents each time a certain event or address occurs. 
The trace buffer can be split into a maximum of 64 
partitions to allow tracing of particular segments of the 
user program (i.e., subroutines). 

The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 

SOFTWARE DESCRIPTION 

System Software 

The IE-70208/216 is controlled by the MIOS/U propri- 
etary operating system. Command input is simplified by 
eight function keys (providing a choice of up to 24 
softkeys within any menu level). The dynamically repro- 
grammed softkeys visually prompt with the next valid set 
of commands. The softkeys are at the bottom of the 
display screen and correspond to one of the eight 
function keys on the keyboard. To select a command, 
press a softkey. The softkeys are automatically relabeled 
with the next set of commands. 

Table 1 lists the utility programs provided with the 
emulator. 
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Table 1. IE-70208/216 Utility Programs 



Utilities 


Function 


EMUV4050 


IE-70208/216 emulator software 


KERMIT 


Communication program for file transfer 


FILESERV 


File management for system disks 


EDITOR 


Full screen editor 


FORMAT 


Floppy-disk formatter 


PROM 


Built-in EPROM programmer control program 


TERMINAL 


Terminal utility program for file transfer between 
emulator and another intelligent device 


SYMBOL 


Symbol table converter; converts non-SROC 
symbol formats to SROC format. 


OBJCONV 


Object file converter; converts object files to 
and from the Motorola SROG format. 


TIMESET 


Internal battery backed-up clock and calendar 
setting 


DEFINE 


Softkey definition 


MDEVICE 


Disk format specification 



Connecting to Host Systems 

Host systems may be connected to the IE-70208/216 via 
the RS-232C connectors at the rear of the machine. 
Parameters such as baud rates, character length, parity, 
and number of stop bits are software programmable to 
suit the system being attached. The KERMIT communi- 
cations program supplied with the emulator can be used 
for uploading and downloading files. Currently, NEC 
provides KERMIT for the VAX® under VMS® and UNIX™ 
4.2 BSD or Ultrix™ , and the IBM PC, PC/XT®, PC AT®, or 
compatibles under PC-DOS™ or MS-DOS®. 

Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em- 
ulator acts as a terminal for data transfer. 

Another means of loading files into the IE-70208/216 is 
available with the Multiple File Handler utility, a program 
that runs in the emulator itself and is supplied as part of 
the IE-70208/216 package. The Multiple File Handler 
allows the emulator to read MS-DOS disks, among 
others. 



Symbolic Debug and Line Assembly/ 
Disassembly 

The IE-70208/216 supports complete symbolic debug- 
ging of programs produced by NEC's RA70116 Relocat- 
able Assembler Package and various other third-party 
software packages, including those from Intel and Mi- 
crosoft. The symbols can be used as address and data 
constants in break, trace, and emulation control com- 
mands and are displayed during disassembly. A sym- 
bolic line assembler is also available to make modifica- 
tions to existing programs or to enter code from the 
keyboard. 

SPECIFICATIONS 

Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 

Table 2. IE-70208/216 Specifications 



AC power 


90 to 132 V, 50/60 Hz, 400 W maximum 


Temperature 


Operating: +5 to +40°C 




Storage: -20 to +50"C 


Relative humidity 


Operating: 20 to 80% 


(noncondensing) 


Storage: 10 to 90% 


Weight 


Main chassis: 40 pounds 




Pod and cables: 4-3/4 pounds, 


Dimensions (L x W x H) 


19.7 x 16.7 x 8.7 inches 



DOCUMENTATION 

The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70208/216 In-Circuit Emulator User's Manual 

• IE-70XXX-A Hardware User's Manual 

• IE-70XXX-A Software Utilities User's Manual 



VAX and VMS are registered trademarks of Digital Equipment 

Corporation. 

Ultrix is a trademark of Digital Equipment Corporation. 

UNIX is a trademark of AT&T. 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 

Business Machines Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 
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IE-70320 

In-Circuit Emulator 

for pPD70320/70322 (V25) Microcomputers 



Description 

The IE-70320 is a portable, stand-alone, in-circuit emu- 
lator that provides hardware emulation and software 
debug capabilities for the NEC juPD70320/70322 (V25™) 
16-bit, single-chip microcomputers. 

Real-time and single-step emulation, coupled with so- 
phisticated memory mapping, symbolic debugging, 
macrofile command facilities, and user-programmable 
breakpoints and trace qualifiers create a powerful devel- 
opment environment. 

Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link or they can be loaded 
directly from an MS-DOS® disk. 

Features 

a Portable stand-alone in-circuit emulator: 

— 9.5-inch amber CRT display 

— Two 5-inch, 640K-byte floppy-disk drives 

— ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

— Can be converted to support NEC's V20®, V30®, 
V33™, V35™, V40™, V50™, V53™, and V60™ 
microprocessors 

° Precise real-time and single-step emulation 

— Programmable internal clock: 1 to 16 MHz in 
1- kHz steps 

— Up to 16 MHz external TTL clock 

d Memory and I/O space mappable in 4K-byte blocks 

° 32K bytes of memory forinternal ROM emulation 

n 124K bytes of memory for prototype memory 
emulation; expandable to 636K bytes 

e Eight user-programmable hardware breakpoints 

— Real-time break on address, data, CPU status* or 
external probes 

— Break on pass count and register, memory, or I/O 
values 

— Selectable as execution or nonexecution 



V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks of 
NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 



° 16 user-programmable software breakpoints 

n Trace buffer: machine cycle, mnemonic, and jump 
trace display 

— 2047 frames by 108 bits 

— Programmable trigger point and trace qualifiers 

a Eight optional probes for tracing of target systems 
signals 

D Full symbolic debug capabilities 

° Symbolic line assembler and disassembler 

D Macrofile command capability 

G Dual window display in emulation mode 

° Softkey and menu-driven user input 



Ordering Information 


Part Number 


Package 


IE-70320-A008 


In-circuit emulator for juPD70320/70322 


IE-7032t)-RTOS 


fiPD79011 RTOS System Software for IE-70320 


EP-70320L 


juPD70320/70322 84-pin PLCC emulation probe 


IE-70000-2957 


Optional 512K-byte expansion emulation 
memory 


IE-70000-2954 


Optional external logic probes 


EP-70320GJ 


Optional 94-pin plastic QFP package probe 
adapter for use with EP-70320L 



Hardware 

The IE-70320 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch 
640K-byte floppy-disk drives, an EPROM programmer, 
card cage, power supply, and five control boards. The 
boards are main CPU, expansion system memory, emu- 
lation control I and II, and trace emulation memory. 

The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi- 
tional 51 2K bytes of system memory. 

The two emulation control boards control memory map- 
ping, event detection, and the break and emulation CPU 
status circuitry. The trace emulation board contains a 
trace buffer and 124K bytes of external emulation mem- 
ory. The optional IE-70000-2957, a 512K-byte expansion 
emulation memory board, may be installed to increase 
the external emulation memory to 636K bytes. 
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The emulation pod unit houses the /xPD70329 EVACHIP 
used to emulate the /aPD70320 or jiPD70322, the internal 
ROM emulation memory, the high-speed buffers, and the 
clock selection logic. This unit can be connected to the 
target system by the EP-70320L, an emulation probe for 
the 84-pin PLCC. For the 94-pin plastic QFP package, an 
EP-70320GJ probe adapter is also needed. 

The IE-70320 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RGB video output. 

An optional external logic probe unit (IE-70000-2954) is 
also available . The eight probes contained in the unit 
allow signals on the target system to be used in the 
break and trace functions. 

The emulator can be converted to support NEC's V20, 
V30, V33, V35, V40, V50, V53, or V60 CMOS microproces- 
sors by exchanging the appropriate control boards and 
the emulation pod unit. . 

Figure 1. IE-70320 System Configuration 




Memory and I/O Mapping Capabilities 

The IE-70320 contains two kinds of emulation memory: 
32K bytes of high-speed RAM that can be accessed in 
one clock cycle per byte for emulating the internal ROM 
of the jnPD70322, and 124K bytes (expandable to 636K 
bytes) of two-cycle RAM (0 wait states) for emulating 
external RAM or ROM. 

The complete 1 M-byte memory space of the /iPD70320/ 
^PD70322 must be mapped into one of the following 
categories: 



INTROM Internal /*PD70322 ROM emulation memory 

(0, 8, 16, or 32K bytes selectable) 
ROM External ROM emulation memory 

(read only) 
RAM External RAM emulation memory 

(read/write) 
Target Memory resident in target system 

(read/write) 
Locked Access inhibited memory 

(remaining unmapped addresses) 

All memory mapping except INtrom is executed in 4K- 
byte blocks using the CONFIGure and MEMory softkey 
commands. If an address that has been mapped as 
"locked" is accessed, a break in emulation will occur. 

The complete 64K-byte input/output space of the 
jxPD70320 or /xPD70322 must be mapped in 4K-byte 
blocks either to the RAM emulation memory, to the target 
system, or as "locked" memory. 

Emulation 

The IE-70320 executes ^PD70320 and /xPD70322 user 
programs in real time in four different modes: break, 
trace, count, and time. 

(1) In break emulation mode, the program is run in real 
time or in single step until a breakpoint is encoun- 
tered. 

(2) In trace emulation mode, the program is executed 
until the trace buffer is filled. 

(3) In count emulation mode, the emulator counts the 
number of times a particular trigger point is 
reached within a given set of conditions. 

(4) In time emulation mode, the emulator times execu- 
tion between the specified enable and disable 
points. The measurable time range is from to 72 
minutes (in microseconds). 

Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
thjs point, it is possible to display the contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 
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Prior to the start of emulation, the user can specify the 
internal ROM size (if any), whether an external or inter- 
nal clock will be used for emulation, and whether the 
NMI, READY and HOLD signals from the target system 
should be enabled or disabled. If the internal clock is 
used, it can be set from 1 to 16 MHz in 1-kHz steps. 

Break Capabilities 

The IE-70320 has eight hardware breakpoints. Seven can 
be set to occur on a real-time event or a non-real-time 
condition. The remaining one is reserved for setting a 
real-time address breakpoint in the GO command. 

A real-time breakpoint can be set to occur on an address, 
a data value, a CPU state and an external probe status. 
A non-real-time breakpoint can be set to occur after an 
address/condition setting has been satisfied for a cer- 
tain number of times (maximum 4096). 

Conditions pertaining to the general-purpose registers, 
memory locations, input/output locations, or external 
probes can be defined. For non-real-time breakpoints, 
the user program is executed in real time until it reaches 
the break address. Emulation stops while the conditions 
are checked. If the conditions are not satisfied, emula- 
tion will continue in this manner until they are met. 

To distinguish between an address condition occurring 
at any memory read/write access or the execution of an 
instruction, each breakpoint can be tagged with either a 
nonexecution or execution flag. 

Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. 

Trace Capabilities 

The trace buffer is 2047 frames by 108 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the internal ROM 
address and data buses, the CPU and queue status, the 
DMAAK0/DMAAK1 pins, and the eight external logic 
probes. 

The IE-70320 has eight trace specification points. One of 
these is reserved for setting a trigger point in the GO 
command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display the register, memory, or 
input/output contents each time a certain event or ad- 



dress occurs. The trace buffer can be split into a maxi- 
mum of 128 partitions to allow tracing of particular 
segments of the user program (i.e., subroutines). 

The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 

IE-70320 -RTOS System Software 

The optional IE-70320-RTOS system software allows the 
IE-70320 to be used for hardware emulation and soft- 
ware debugging for the jaPD79011, a V25 16-bit, single- 
chip microcomputer with an on-board real-time operat- 
ing system (RTOS). When using the IE-70320-RTOS 
system software, the RTOS object code is loaded into 
the 16K bytes of internal ROM emulation memory when- 
everthe IE-70320 is powered uporthe CAncel command 
is executed. 

In addition, the IE-70320-RTOS system software adds 
the following commands to the IE-70320. 



Mem/reg SYstime 
Display TStat 



Display MAN box 
Display SEmaph 4 

Display TMap 



Sets system time of the RTOS. 

Displays system time, task 
status, number of unused 
memory blocks, segment value 
of all messages queued in the 
TCB, start address of the 
initialization routine, and 
interrupt return address in the 
TCB for a specified task. 

Displays status of specified 
mailbox. 

Displays number of tasks 
waiting for specified 
semaphore and remaining 
number of free resources. 

Displays a list of all tasks 
currently being managed by 
RTOS and their state. 
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System Software 

The IE-70320 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys (providing a choice of up to 24 softkeys 
within any menu level). The dynamically reprogrammed 
softkeys visually prompt the user with the next valid set 
of commands. The softkeys are at the bottom of the 
display and correspond to the eight function keys. To 
select a command, the desired softkey is entered, and 
the softkeys are automatically relabeled with the next set 
of commands. 

Table 1 shows some of the utility programs provided with 
the emulator. 

Table 1. IE-70320 Utility Programs 



Utility 


Function 


EMUV25 


IE-70320 emulator software 


KERMIT 


Communication program for file transfer 


FILESEFV 


File management for system disks 


EDITOR 


Full screen editor 


FORMAT 


Floppy-disk formatter 


PROM 


Built-in EPROM programmer control program 


TERMINAL 


Terminal utility program for file transfer between 
emulator and another intelligent device 


SYMBOL 


Symbol Table Converter: converts non-SROC 
symbol formats to SROC format. 


OBJCONV 


Object File Converter: converts object files to 
and from the Motorola SROC format. 


TIMESET 


Internal battery backed-up clock and calendar 
setting 


DEFINE 


Softkey definition 


MDEVICE 


Disk format specification 



Connecting to Host Systems 

Host systems may be connected to the IE-70320 by the 
RS-232C connectors at the rear of the machine. Param- 
eters such as baud rates, character length, parity, and 
number of stop bits are software programmable to suit 
the system being attached. The KERMIT communica- 
tions program is supplied with the emulator and can be 
used for uploading and downloading files. NEC currently 
provides KERMIT for the VAX® under VMS® and UNIX™ 
4.2 BSD or Ultrix®, the IBM PC, PC/XT®, IBM PC AT®, or 
compatibles under PC-DOS® or MS-DOS. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 

Corporation. 

UNIX is a trademark of AT&T Bell Laboratories 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 

Business Machines Corporation. 



Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em- 
ulator acts as a terminal for data transfer. 

Another means of loading files into the IE-70320 is 
available with the Multiple File Handler utility, a program 
that runs in the emulator itself and which is also supplied 
as part of the IE-70320 package. The Multiple File Han- 
dler allows the emulator to read MS-DOS disks, among 
others. 

Symbolic Debug and Line Assembly/ 
Disassembly 

The IE-70320 supports complete symbolic debugging of 
programs produced by NEC's RA70320 Relocatable As- 
sembler package and various other third-party software 
packages, including those of Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro- 
grams or to enter code from the keyboard. 

Specifications 

Table 2 gives the electrical, environmental, and physical 
specifications of the equipment. 

Table 2. IE-70320 Specifications 



Ac power 


90 to 132 V, 50/60 Hz, 400 W maximum 


Temperature 


Operating: +5 to +40°C 




Storage: -20 to +50°C 


Relative humidity 


Operating: 20 to 80% 


(noncondensing) 


Storage: 10 to 90% 


Weight 


Main chassis: 40 pounds 




Pod and cables: 4-3/4 pounds 


Dimensions (L x W x H) 


19.7 x 16.7 x 8.7 inches 



Documentation 

The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70320 In-Circuit Emulator User's Manual 

• IE-70XXX-A Hardware User's Manual 

• IE-70XXX-A Software Utilities User's Manual 

• IE-70320-RTOS jaPD79011 RTOS System Software 
User's Manual 
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IE-70330 

In-Circuit Emulator 

for fiPD70330/70332 (V35) Microcomputers 



Description 

The IE-70330 is a portable, stand-alone, in-circuit emu- 
lator that provides hardware emulation and software 
debug capabilities for the /*PD70330/70332 (V35™) 16- 
bit, single-chip microcomputers. 

Real-time and single-step emulation, coupled with so- 
phisticated memory mapping, symbolic debugging, 
macrofile command facilities, and user-programmable 
breakpoints and trace qualifiers, create a powerful de- 
velopment environment. 

Command entry is simplified by eight dynamically re- 
programmed function keys, called softkeys, that visually 
prompt a user with the next level of commands. User 
programs can be uploaded/downloaded from a variety of 
host systems by a serial link, or they can be loaded 
directly from an MS-DOS® disk. 

Features 

° Portable, stand-alone, in-circuit emulator 

— 9.5-inch amber CRT display 

— Two 5-inch, 640K-byte floppy-disk drives 

— ASCII keyboard with eight function keys 

— EPROM programmer: 2732, 2764, 27128, 27256, 
27512 

— Supports NEC's V20®, V30®, V33™, V25™, V40™, 
V50™, V53™, and V60™ microprocessors 

° Precise real-time and single-step emulation 

— Programmable internal clock: 1 to 16 MHz in 
1-kHz steps 

— Up to 16-MHz external TTL clock 

° Memory and I/O space mappable in 4K-byte blocks 

° 32K bytes of memory for internal ROM emulation 

° 124K bytes of memory for prototype memory 
emulation; expandable to 636K bytes 

e Eight user-programmable hardware breakpoints 

— Real-time break on address, data, CPU status, or 
external probes 

— Break on pass count and register, memory, or I/O 
values 

— Selectable as execution or nonexecution 



e 16 user-programmable software breakpoints 

° Trace buffer: machine cycle, mnemonic, and jump 
trace display 

— 2047 frames by 108 bits 

— Programmable trigger point and trace qualifiers 

a Eight optional probes for tracing target system 
signals 

n Full symbolic debug capabilities 

a Symbolic line assembler and disassembler 

° Macrofile command capability 

n Dual window display in emulation mode 

° Softkey and menu-driven user input 



Ordering Information 


Part Number 


Description 


IE-70330-A008 


In-circuit emulator for juPD70330/70332 (V35) 


IE-70330 -RTOS 


ftPD79021 RTOS system software for 
IE-70330-A008 


EP-70320L 


>tPD70320/70322 84-pin PLCC emulation probe 


IE-70000-2957 


Optional 512K-byte expansion emulation 
memory 


IE-70000-2954 


Optional external logic probes 


EP-70320GJ 


Optional 94-pin plastic QFP package probe 
adapter for use with EP-70320L 



Hardware 

The IE-70330 (figure 1) consists of a system chassis with 
a detachable ASCII keyboard and an emulation pod unit. 
The chassis houses a 9.5-inch amber CRT, two 5-1/4 inch 
640K-byte floppy-disk drives, an EPROM programmer, 
card cage, power supply, and five control boards. The 
boards are main CPU, expansion system memory, emu- 
lation control I and II, and trace emulation memory. 

The main CPU board contains a supervising CPU, 512K 
bytes of system memory, and the peripheral interfaces. 
The expansion system memory board provides an addi- 
tional 51 2K bytes of system memory. 



V20 and V30 are registered trademarks of NEC Corporation. 
V25, V33, V35, V40, V50, V53, and V60 are trademarks 
of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
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The two emulation control boards control memory map- 
ping, event detection, and the break and emulation CPU 
status circuitry. The trace emulation board contains a 
trace buffer and 124K bytes of external emulation mem- 
ory. The optional IE-70000-2957, a 512K-byte expansion 
emulator memory board, may be installed to increase 
the external emulator memory to 636K bytes. 

The emulation pod unit houses the juPD70339 EVACHIP 
used to emulate the ^PD70330 or /xPD70332, the internal 
ROM emulation memory, the high-speed buffers, and the 
clock selection logic. This unit can be connected to the 
target system by the EP-70320L, an emulation probe for 
the 84-pin PLCC. For the 94-pin plastic QFP, an EP- 
70320GJ probe adapter is also needed. 

The IE-70330 supports the following external interfaces: 
two RS-232C serial ports, one Centronics parallel printer 
port, and one RGB video output. 

An optional external logic probe unit (IE-70000-2954) is 
also available. The eight probes contained in the unit 
allow signals on the target system to be used in the 
break and trace functions. 

The emulator can be converted to support NEC's V20, 
V25, V30, V33, V40, V50, V53, and V60 CMOS micropro- 
cessors by exchanging the appropriate control boards 
and the emulation pod unit . 

Figure 1. IE-70330 System Configuration 
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Memory and I/O Mapping Capabilities 

The IE-70330 contains two kinds of emulation memory: 
32K bytes of high-speed RAM that can be accessed in 
one clock cycle per byte for emulating the internal ROM 
of the pPD70332, and 124K bytes (expandable to 636K 
bytes) of two-cycle RAM (0 wait states) for emulating 
external RAM or ROM. 



The complete 1 M-byte memory space of the ^PD70330/ 
70332 must be mapped into one of the following cate- 
gories: 

INTROM Internal /*PD70332 ROM emulation memory 
(0, 8, 16, 32K bytes selectable) 

ROM External ROM emulation memory 

(read only) 
ram External RAM emulation memory 

(read/write) 
Target Memory resident in target system 

(read/write) 

Locked Access inhibited memory 

(remaining unmapped addresses) 

All memory mapping except INTROM is executed in 
4K-byte blocks using the Configure and Memory softkey 
commands. If an address that has been mapped as 
"locked" is accessed, a break in emulation will occur. 

The complete 64K-byte input/output space of the 
/*PD70330 or /aPD70332 must be mapped in 4K-byte 
blocks either to the RAM emulation memory, to the target 
system, or as "locked" memory. 

Emulation 

The IE-70330 executes /aPD70330 and jaPD70332 user 
programs in real time in four different modes: break, 
trace, count, and time. 

(1) In break emulation mode, the program is run in real 
time or in single step until a breakpoint is encoun- 
tered. 

(2) In trace emulation mode, the program is executed 
until the trace buffer is filled. 

(3) In count emulation mode, the emulator counts the 
number of times a particular trigger point is 
reached within a given set of conditions. 

(4) In time emulation mode, the emulator times execu- 
tion between the specified enable and disable 
points. The measurable time range is from to 72 
minutes (in microseconds). 

Once emulation is stopped in either break or trace mode, 
the trace automatically displays one screen of data, 
ending on the last instruction executed. In count or time 
mode, the current count or elapsed time is displayed. At 
this point, it is possible to display the contents of 
memory, the general-purpose and special registers, the 
symbol tables, directories, and other information. All can 
be displayed individually or by split screen with the trace 
display. The windows may be scrolled independently. 
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Prior to the start of emulation, the user can specify the 
internal ROM size (if any), whether an external or inter- 
nal clock will be used for emulation, and whether the 
NMI, READY, and HOLD signals from the target system 
should be enabled or disabled. If the internal clock is 
used, it can be set from 1 to 16 MHz in 1-KHz steps. 

Break Capabilities 

The IE-70330 has eight hardware breakpoints. Seven can 
be set to occur on a real-time event or a non-real-time 
condition. The remaining one is reserved for setting a 
real-time address breakpoint in the GO command. 

A real-time breakpoint can be set to occur on an address, 
a data value, a CPU state, or an external probe status. A 
non-real-time breakpoint can be set to occur after an 
address/condition setting has been satisfied for a cer- 
tain number of times (maximum 4096). 

Conditions pertaining to the general-purpose registers, 
memory locations, input/output locations, or external 
probes can be defined. For non-real-time breakpoints, 
the user program is executed in real time until it reaches 
the break address. Emulation stops while the conditions 
are checked. If the conditions are not satisfied, emula- 
tion will continue in this manner until they are met. 

To distinguish between an address condition occurring 
at any memory read/write access or the execution of an 
instruction, each breakpoint can be tagged with either a 
nonexecution or execution flag. 

Up to 16 software breakpoints can be set plus an 
additional one in the GO command. To set a software 
breakpoint, the emulator replaces an instruction in the 
user's program with a BRK instruction. A break will 
occur when this instruction is executed, and the user's 
program will be restored. This capability is not available 
for program code executing out of ROM. 

Trace Capabilities 

The trace buffer is 2047 frames by 108 bits wide and 
sampling is done on every machine cycle. The buffer is 
filled in a round-robin fashion. The emulator traces the 
external address and data buses, the internal ROM 
address and data buses, the CPU and queue status, the 
DMAAK0/1 pins, and the eight external logic probes. 



The IE-70330 has eight trace specification points. One of 
these is reserved for setting a trigger point in the GO 
command. The other seven can be specified as trace 
trigger, enable, disable, qualify, or check points. Check 
points are used to display the register, memory, or 
input/output contents each time a certain event or ad- 
dress occurs. The trace buffer can be split into a maxi- 
mum of 128 partitions to allow tracing of particular 
segments of the user program (i.e., subroutines). 

The trace data may be displayed in one of three modes: 
machine, disassembly, or jump. In machine display 
mode, all bus activity is displayed in machine code. In 
disassembly mode, all instructions are disassembled. In 
jump mode, only instructions that alter program flow are 
displayed. 

System Software 

The IE-70330 is controlled by the MIOS/U proprietary 
operating system. Command input is simplified by eight 
function keys (providing a choice of up to 24 softkeys 
within any menu level). The dynamically reprogrammed 
softkeys visually prompt the user with the next valid set 
of commands. The softkeys are at the bottom of the 
display screen and correspond to the eight function keys 
on the keyboard. To select a command, the desired 
softkey is entered, and the softkeys are automatically 
relabeled with the next set of commands. 

Table 1 lists some of the utility programs provided with 
the emulator. 

IE-70330 -RTOS System Software 

The optional IE-70330-RTOS system software allows the 
IE-70330 to be used for hardware emulation and soft- 
ware debugging for the jttPD79021, a V35 16-bit single- 
chip microcomputer with an on-board real-time operat- 
ing system (RTOS). The RTOS object code is loaded into 
the 16K bytes of internal ROM emulation memory when- 
ever the IE-70330 is powered uporthe CAncel command 
is executed. 

In addition, the IE-70330-RTOS system software adds 
the commands in table 2 to the IE-70330. 
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Table 1. 


IE-70330 Utility Programs 


Utility 


Function 


EMUV35 


IE-70330 emulator software 


KERMIT 


Communication program for file transfer 


FILESERV 


File management for system disks 


EDITOR 


Full screen editor 


FORMAT 


Floppy-disk formatter 


PROM 


Built-in EPROM programmer control program 


TERMINAL 


Terminal utility program for file transfer between 
emulator and another intelligent device 


SYMBOL 


Symbol table converter; converts non-SROC symbol 
formats to SROC format 


OBJCONV 


Object file converter; converts object files to and from 
the Motorola SROC format 


TIMESET 


Internal battery backed-up clock and calendar setting 


DEFINE 


Softkey definition 


MDEVICE 


Disk format specification 


Table 2. 


IE-70330-RTOS Commands 


Command 


Description 


Mem/reg SYstime Sets RTOS system time. 



Display TStat Displays system time, task status, number of 

unused memory blocks, segment value of all 
messages queued in the TCB, start address of 
initialization routine, and interrupt return 
address in the TCB for a specified task. 

Display MAilbox Displays status of specified mailbox. 

Displays number of tasks waiting for specified 
semaphore and remaining number of free 
resources. 



Display SEmaph 



Display TMap 



Displays a list of all tasks currently being 
managed by RTOS and their current state. 



Connecting to Host Systems 

Host systems may be connected to the IE-70330 through 
RS-232C connectors at the rear of the machine. Param- 
eters such as baud rates, character length, parity, and 
number of stop bits are software programmable to suit 
the system being attached. The KERMIT communica- 
tions program is supplied with the emulator and can be 
used for uploading and downloading files. NEC currently 
provides KERMIT for the VAX® under VMS® and UNIX™ 
4.2BSD or Ultrix®, the IBM PC, PC/XT®, IBM PC AT®, or 
compatibles under PC-DOS® or MS-DOS. 



VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 

Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 

PC/XT, PC AT, and PC-DOS are registered trademarks of International 

Business Machines Corporation. 



Files may also be transferred to the emulator via the 
RS-232C ports by using the TERMINAL utility. The em- 
ulator acts as a terminal for data transfer. 

Another means of loading files into the IE-70330 is 
available with the Multiple File Handler utility, a program 
that runs in the emulator itself and is supplied as part of 
the IE-70330 package. The Multiple File Handler allows 
the emulator to read MS-DOS disks, among others. 

Symbolic Debug and Line Assembly/ 
Disassembly 

The IE-70330 supports complete symbolic debugging of 
programs produced by NEC's RA70320 Relocatable As- 
sembler package and various other third-party software 
packages, including those of Intel and Microsoft. The 
symbols can be used as address and data constants in 
break, trace, and emulation control commands and are 
displayed during disassembly. A symbolic line assembler 
is also available to make modifications to existing pro- 
grams or to enter code from the keyboard. 

Specifications 

Table 3 gives the electrical, environmental, and physical 
specifications of the equipment. 

Table 3. IE-70330 Specifications 



Ac power 


90 to 132 V, 50/60 Hz, 400 W maximum 


Temperature 


Operating: +5 to +40°C 




Storage: -20 to +50°C 


Relative humidity 


Operating: 20 to 80% 


(noncondensing) 


Storage: 10 to 90% 


Weight 


Main chassis: 40 pounds 




Pod and cables: 4-3/4 pounds 


Dimensions (L x W x H) 


19.7 x 16.7 x 8.7 inches 



Documentation 

The following manuals are supplied with the in-circuit 
emulator. Additional copies may be obtained from NEC 
Electronics Inc. 

• IE-70330 In-Circuit Emulator User's Manual 

• IE-70XXX-A Hardware User's Manual 

• IE-70XXX-A Software Utilities User's Manual 

• IE-70330-RTOS, juPD79021 RTOS System Software 
User's Manual 
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RA70116 

Relocatable Assembler Package 

for V20-V50 Microprocessors 



Description 

The RA70116 Relocatable Assembler package converts 
symbolic source code for the juPD70108 (V20®), 
MPD70116 (V30®), ^PD70208 (V40™), and /*PD70216 
(V50™) microprocessors into executable absolute ad- 
dress object code. The package consists of four separate 
programs: an assembler (RA701 16), a linker (LK70116), a 
hexadecimal format object code converter (OC70116), 
and a librarian (LB70116). 

RA70116 translates a symbolic source module into a 
relocatable object module. This symbolic source module 
can contain both V20-V50 microprocessor instructions 
and Intel 8087 Floating-Point Arithmetic Coprocessor 
instructions. The assembler verifies that each instruc- 
tion assembled is valid and produces a listing file and a 
relocatable object module. 

LK70116 combines relocatable object modules and ab- 
solute load modules and converts them into an absolute 
load module. OC701 16 converts an absolute object mod- 
ule or an absolute load module to an expanded hexadec- 
imal (7-bit ASCII) object file. 

LB 701 16 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When the input of the linker contains a library file, the 
linker first extracts only those modules required to re- 
solve external references from the file and relocates and 
links them. 

Features 

n Absolute address object code output 

n Macro and code macro capability 

□ User-selectable and directable output files 

n Extensive error reporting 

a Powerful Librarian 

n Runs under the following operating systems: 

- MS-DOS® 

- VAXWMS® and VAX/UNIX® 4.2BSD or Ultrix® 
V20 and V30 are registered trademarks of NEC Corporation. 
V40 and V50 are trademarks of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 

Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 



Ordering Information 



Part Number 



Package 



RA70116-D52 



MS-DOS, 5-1/4" double-density floppy-diskette 



RA70116-WT1 



VAX/VMS, 9-track 1600-BPI magnetic tape 



RA70116-VXT1 



VAX/UNIX 4.2BSD or Ultrix, 9-track 1600-BPI 
magnetic tape 



SOFTWARE DESCRIPTION 

Program Syntax 

An RA70116 source module consists of a series of code, 
data, or stack segments. Each segment consists of 
statements composed of up to four fields: symbol, mne- 
monic, operand, and comment. 

The symbol field may contain a label whose value is the 
instruction or data address, or a name that represents an 
instruction address, data address, or constant. The mne- 
monic field may contain an instruction or assembler 
directive. The operand field contains the data or expres- 
sion for the specified instruction or directive. Explana- 
tions of statements may be inserted in the comment 
field. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), [ ], period (.), colon (:), < >. 

Macro and Code Macro Capability 

RA70116 allows the definition of macrocode sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macrocode sequence is different 
from a subroutine call. That is, the invocation of a macro 
in the source code results in the direct replacement of a 
macro call with the defined code sequence. 

RA70116 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 
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Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem- 
bly. Basic assembler directives include those for storage 
definition and allocation (DB, DW, DD, DBS, DWS, DDS, 
STRUC/ENDS, RECORD); symbol control (EQU, LABEL, 
PURGE); and location counter control (ORG, EVEN, 
ALIGN). 

Program control directives include those for segment 
definition and control (SEGMENT/ENDS, PROC/ENDP, 
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX- 
TRN); and PARITY. 

The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
which are also specified in the operand column, define 
the means of linking segments and groups of the same 
name. 

Assembler Controls 

Two types of assembler controls are available for the 
RA70116. 

• Basic controls (specified in the assembler command 
line) 

— File specification 

— Output file selection 

— Output file destination 

— Listing format controls 

— Debug information output selection 

— Symbol case selection 

— Macro processing selection 

• General controls (specified in the source program) 

— Inclusion of other source files 

— Page eject 

— Generation/suppression of listing 

— Generation/suppression of macro listings 

— Listing titles 

A list file may contain the complete assembly listing, or 
it may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values initially assigned to 
them. The cross-reference table contains all defined 
symbols as well as the numbers of all statements refer- 
ring to them. 

The object file contains the relocatable object module. 
The format of this module is an NEC proprietary relocat- 
able object module format. Figure 1 is a functional 
diagram of the assembler. 



Figure 1. Relocatable Assembler Functional 
Diagram 
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Linker 

The LK701 16 linker combines relocatable object modules 
and absolute load modules and produces one absolute 
load module. See figure 2. The controls for LK70116 may 
be specified in either the command line or in a parameter 
file. In addition to being able to specify the module name 
and the starting address and order for code/data/stack 
segments, you can also protect areas of memory from 
being assigned. Furthermore, you can instruct the pro- 
gram to create a list file containing a link map, a local 
symbol table, or a public symbol table. The absolute load 
module contains symbol information for the symbolic 
debugger and absolute object code. 
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Figure 2. Linker Functional Diagram 
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Figure 3. Hexadecimal Object Code Converter 
Functional Diagram 



Hexadecimal Object Code Converter 

The OC70116 object code converter translates an abso- 
lute load module file into an expanded hexadecimal 
format (7-bit ASCII) file that may be downloaded to a 
PROM programmer. Addresses may be specified as 
being output in the order in which they were input or in 
ascending order. Figure 3 is a functional diagram of the 
hexadecimal object code converter. 
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Librarian 

The LB70116 librarian creates and maintains files con- 
taining relocatable object modules. The program re- 
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file. It 
also provides an easy way to link frequently used mod- 
ules into programs. Modules may be added to, deleted 
from, or replaced within a library file. 

Operating Environment 

The RA70116 package can be supplied to run under 
several different operating systems. One version is for an 
MS-DOS system with one or more disk drives and at 
least 51 2K bytes of system memory. Other versions run 
on a Digital Equipment Corporation VAX computer with 
UNIX 4.2 BSD or Ultrix, or VMS (Version 4.1 or later) 
operating systems. 
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Downloading Files Into the Emulator 

Absolute load modules produced by the RA70116 pack- 
age for the V40 and V50 can be debugged using the NEC 
IE-70208 (V40) or IE-70216 (V50) stand-alone in-circuit 
emulator. Communication between these emulators and 
the host system is through an RS-232C serial line using 
the KERMIT communication protocol developed at Co- 
lumbia University. With the appropriate version of the 
KERMIT Communication Program running on both the 
emulator and host system, absolute load modules or 
hexadecimal object code files may be transferred be- 
tween machines. 

A version of the KERMIT Communication Program is 
supplied with the IE-70208 and IE-70216. Versions of 
KERMIT run on the IBM- PC, PC/XT®, PC AT®, or com- 
patibles under MS-DOS, and the DEC VAX under VMS, 
UNIX 4.2BSD or Ultrix. An appropriate version is pro- 
vided with each relocatable assembler package at no 
extra charge. Versions of KERMIT for other host systems 
are available directly from Columbia University. 

A second means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied with the 
IE-70208 and IE-70216. The Multiple File Handler allows 
the emulator to read MS-DOS formatted disks, among 
others. 



DOCUMENTATION 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA70116. Additional copies may be obtained from NEC 
Electronics Inc. 

• RA70116 V20-V50 Relocatable Assembler Package 
Language Manual 

• RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual (MS-DOS) 

• RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual (UNIX) 

• RA70116 V20-V50 Relocatable Assembler Package 
Operation Manual (VMS) 

LICENSE AGREEMENT 

RA70116 is sold under terms of a license agreement 
included with purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 



PC/XT, PC AT, and PC-DOS are registered trademarks of International 
Business Machines Corporation. 
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RA70136 

Relocatable Assembler Package 

for V33 Microprocessor 



Description 

The RA70136 Relocatable Assembler package converts 
symbolic source code for the /aPD70136 (V33™) micro- 
processor into executable absolute address object 
code. The package consists of five separate programs: 
an assembler (RA70136), a linker (LK70136), an extended 
mode locater (EL70136), a hexadecimal format object 
code converter (OC70136), and a librarian (LB70136). 

RA70136 translates a symbolic source module into a 
relocatable object module. This symbolic source module 
can contain both V33 microprocessor instructions and 
NEC mPD71291 Advanced Floating-Point Processor 
(AFPP) instructions. The assembler verifies that each 
instruction assembled is valid and produces a listing file 
and a relocatable object module. 

LK70136 combines relocatable object modules and ab- 
solute load modules and converts them into an absolute 
load module. If V33 normal addressing mode is being 
used, OC70136 is used to convert an absolute object 
module or an absolute load module to an expanded 
hexadecimal (7-bit ASCII) object file. If V33 extended 
addressing mode is being used, the EL70136 converts 
load modules produced by LK70136 to an extended load 
module file in extended COFF format. 

LB70136 allows commonly used relocatable object mod- 
ules to be stored in one file and linked into multiple 
programs, greatly increasing programming efficiency. 
When the input of the linker contains a library file, the 
linker first extracts only those modules required to re- 
solve external references from the file and relocates and 
links them. 

Features 

n Absolute address object code output 

— In extended hexadecimal format for normal 
addressing mode 

— In extended COFF format for extended 
addressing mode 

n Macro and code macro capability 

n User-selectable and directable output files 

n Extensive error reporting 



V33 is a trademark of NEC Corporation. 

MS-DOS is a registered trademark of Microsoft Corporation. 

VAX, VMS, and Ultrix are registered trademarks of Digital Equipment 

Corporation. 

UNIX is a trademark of AT&T. 



d Powerful Librarian 

° Runs under the following operating systems 
-MS-DOS® 
-VAX/VMS® and VAX/UNIX™ 4.2BSD or Ultrix" 

Ordering Information 



Part Number 



Description 



RA70136-D52 



MS-DOS, 5-1/4" double-density floppy diskette 



RA70136-WT1 VAX/VMS, 9-track 1600-BPI magnetic tape 



RA70136-VXT1 



VAX/UNIX 4.2 BSD or Ultrix, 9-track 1600-BPI 
magnetic tape 



SOFTWARE DESCRIPTION 

Program Syntax 

An RA70136 source module consists of a series of code, 
data, or stack segments. Each segment consists of 
statements composed of up to four fields: symbol, mne- 
monic, operand, and comment. 

The symbol field may contain a label, whose value is the 
instruction or data address, or a name that represents an 
instruction address, data address, or constant. The mne- 
monic field may contain an instruction or assembler 
directive. The operand field contains the data or expres- 
sion for the specified instruction or directive. Explana- 
tions for statements may be inserted in the comment 
field. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +, -, *, /, MOD, OR, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (),[], period (.), colon (:), < >. 

Macro and Code Macro Capability 

RA70136 allows the definition of macrocode sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macrocode sequence is different 
from a subroutine call. That is, the invocation of a macro 
in the source code results in the direct replacement of a 
macro call with the defined code sequence. 

RA70136 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
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also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 

Assembler Directives 

Assembler directives give instructions to the assembler 
but are not translated into machine code during assem- 
bly. Basic assembler directives include those for storage 
definition and allocation (DB, DW DD, DQ, DS, DL, DBS, 
DWS, DDS, DQS, DSS, DLS, STRUC/ENDS, RECORD); 
symbol control (EQU, LABEL, PURGE); and location 
counter control (ORG, EVEN, ALIGN). 

Program control directives include those for segment 
definition and control (SEGMENT/ENDS, PROC/ENDP, 
ASSUME, GROUP, END); linkage (NAME, PUBLIC, EX- 
TRN); and PARITY 

The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY 
which are also specified in the operand column, define 
the means of linking segments and groups of the same 
name. 

Assembler Controls 

Two types of assembler controls are available for the 
RA70136. 

• Basic controls (specified in the assembler command 
line) 

— File specification 

— Output file selection 

— Output file destination 

— Listing format controls 

— Debug information output selection 

— Symbol case selection 

— Macroprocessing selection 

• General controls (specified in the source program) 

— Inclusion of other source files 

— Page eject 

— Generation/suppression of listing 

— Generation/suppression of macro listings 

— Listing titles 

A list file may contain the complete assembly listing, or 
it may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values initially assigned to 
them. The cross-reference table contains all defined 
symbols as well as the numbers of all statements refer- 
ring to them. 



The object file contains the relocatable object module. 
The format of this module is an NEC proprietary relocat- 
able object module format. Figure 1 is a functional 
diagram of the assembler. 

Figure 1. Relocatable Assembler Functional 
Diagram 
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Linker 

The LK70136 linker combines relocatable object mod- 
ules and absolute load modules and produces one ab- 
solute load module. See figure 2. The controls for 
LK70136 may be specified in either the command line or 
in a parameter file. In addition to being able to specify the 
module name and the starting address and order for 
code/data/stack segments, you can also protect areas of 
memory from being assigned. Furthermore, you can 
instruct the program to create a list file containing a link 
map, a local symbol table, or a public symbol table. The 
absolute load module contains symbol information for 
the symbolic debugger and absolute object code. 
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Figure 2. Linker Functional Diagram 
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Hexadecimal Object Code Converter 

The OC70136 object code converter translates an abso- 
lute load module file into an expanded hexadecimal 
format (7-bit ASCII) file that may be downloaded to a 
PROM programmer. This program is used with the V33 in 
normal addressing mode (1M-byte address space). Ad- 
dresses may be specified as being output in the order in 
which they were input or in ascending order. Figure 3 is a 
functional diagram of the hexadecimal object code con- 
verter. 



Figure 3. Hexadecimal Object Code Converter 
Functional Diagram 
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Extended Mode Locater 

The EL70136 extended mode locater converts multiple 
load modules produced by LK70136 into one extended 
load module file in extended COFF format (figure 4). 
This program is used with the V33 in extended address 
mode (l6M-byte address space). Starting addresses for 
each load module are specified in the Locate Information 
file. The name of this file along with the name of the 
extended load module file and any locater options are 
included in the command line when EL70136 is invoked. 
EL70136 can be instructed to create a locate map file 
and to include debugging information in the extended 
load module file. To support debugging with the IE- 
70136, EL70136 also sets initial values for the IE-70136 
PGR tables in the extended load module file. 

To simplify the task of using the extended addressing 
mode of the V33, NEC Electronics provides three sub- 
routines with the RA70136 package. 

(1) V33_MAP. Maps the jaPD70136 Page Registers 
(PGRs) 

(2) V33J3RK. Branches from the normal address mode 
to the interrupt routine starting address in the ex- 
tended address mode. 

(3) V33_RET. Branches from the extended address 
mode to the interrupt routine starting address in the 
normal address mode. 
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Extended Locater Functional Diagram 
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Librarian 

The LB70136 librarian creates and maintains files con- 
taining relocatable object modules. The program re- 
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file. It 
also provides an easy way to link frequently used mod- 
ules into programs. Modules may be added to, deleted 
from, or replaced within a library file. 

Operating Environment 

The RA70136 package can be supplied to run under 
many different operating systems. One version is for an 
MS-DOS system with one or more disk drives and at 
least 51 2K bytes of system memory. Other versions run 
on a DEC VAX computer with UNIX 4.2BSD or Ultrix, or 
VMS (version 4.1 or later) operating systems. 

Downloading Files Into the Emulator 

Absolute load modules and extended load modules 
produced by the RA70136 package for the V33 can be 
debugged by using the NEC IE-70136 stand-alone in- 
circuit emulator. Communication between the IE-70136 
and the host system is through an RS-232C serial line 
using the KERMIT communication protocol developed at 
Columbia University. With the appropriate version of the 
KERMIT Communication Program running on both the 
emulator and host system, absolute load modules, ex- 
tended load modules, or hexadecimal object code files 
may be transferred between machines. 

A version of the KERMIT Communication Program is 
supplied with the IE-70136.. versions of KERMIT run on 
the IBM PC, PC/XT®, PC AT®, or compatibles under 
MS-DOS, and the DEC VAX under VMS, UNIX 4.2BSD or 



Ultrix. An appropriate version is provided with each 
relocatable assembler package at no extra charge. Ver- 
sions of KERMIT for other host systems are available 
directly from Columbia University. 

A second means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied with the 
IE-70136. The Multiple File Handler allows the emulator 
to read MS-DOS formatted disks, among others. 

DOCUMENTATION 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA701 36. Additional copies may be obtained from NEC 
Electronics Inc. 

RA70136 V33 Relocatable Assembler Package Lan- 
guage Manual 

RA70136 V33 Relocatable Assembler Package Opera- 
tion Manual. 

LICENSE AGREEMENT 

RA70136 is sold under terms of a license agreement 
included with purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 



PC/XT and PC AT are registered trademarks of International Business 
Machines Corporation. 
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RA70320 

Relocatable Assembler Package 

for V25/V35 Microcomputers 



Description 

The RA70320 Relocatable Assembler package converts 
symbolic source code for the V25™/V35™ family of 
microprocessors into executable absolute address ob- 
ject code. The package consists of four programs: 
RA70320 assembler, LK70320 linker, OC70320 hexadec- 
imal object code converter, and LB70320 librarian. 

The RA70320 assembler translates a symbolic source 
module into a relocatable object module. The LK70320 
linker combines relocatable object modules and abso- 
lute load modules and converts them into one absolute 
load module. The OC70320 converts an absolute object 
module or absolute load module to an expanded hexa- 
decimal (7-bit ASCII) object file. 

The LB 70320 librarian allows commonly used relocat- 
able object modules to be stored in one file and linked 
into multiple programs, greatly increasing programming 
efficiency. When the input of the linker contains a library 
file, the linker first extracts only those modules required 
to resolve external references from the file and then 
relocates and links these modules. 

Features 

° Absolute address object code output 
a Macro and code macro capability 

□ User-selectable and directable output files 

□ Extensive error reporting 
n Powerful librarian 

° Multisystem compatibility 

- MS-DOS® 
-VAX® A/MS® 

- VAX/UNIX™ 4.2BSD or Ultrix® 



Ordering Information 



Part Number 



Description 



RA70320-D52 MS-DOS; 5-1/4" double-density floppy diskette 

WT1 VAX/VMS; 9-track 1600 BPI magnetic tape 

VXT1 VAX/UNIX 4.2BSD or Ultrix; 9-track 1600 BPI 
magnetic tape 



Assembler 

The RA70320 assembler program translates a symbolic 
source module into a relocatable object module by first 
verifying that each instruction assembled is valid for the 
target microprocessor and then producing a list file and 
a relocatable object module (figure 1). 

Figure 1. Relocatable Assembler Functional 
Diagram 





Source 

Module 

File 




Include 
File 










1 


1 






1 








System 
Console 




RA70320 
Relocatable 
Assembler 




Temporary 
Work 
Files 












' 






. ' 












Object 

Module 

File 




Assembler 
List 
File 





V25 and V35 are trademarks of NEC Corporation. 
MS-DOS is a registered trademark of Microsoft Corporation. 
VAX, VMS, and Ultrix are registered trademarks of Digital 
Equipment Corp. 
UNIX is a trademark of AT&T. 
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Program Syntax 

An RA70320 source module consists of a series of code, 
data, or stack segments. Each segment contains lines 
composed of up to four fields: symbol, mnemonic, oper- 
and, and comment. 

The symbol field may contain either a label— whose 
value is an instruction or data address— or a name that 
represents an instruction address, data address, or con- 
stant. The mnemonic field may contain an instruction or 
assembler directive. The operand field contains the data 
or expression for the specified instruction or directive. 
Explanations for the statements may be inserted into the 
comment field. 

Character constants are translated into 7-bit ASCII 
codes. Numeric constants may be specified as binary, 
octal, decimal, or hexadecimal. Arithmetic expressions 
may include the operators +,-,*, /, MOD, OR, AND, 
NOT, XOR, EQ, NE, LT, LE, GT, GE, SHR, SHL, LOW, 
HIGH, PTR, SHORT, THIS, SEG, OFFSET, SMSIZE, 
GRSIZE, SMOFFSET, GROFFSET, TYPE, LENGTH, 
SIZE, MASK, WIDTH, (), [], period (.), colon (:), and 



Macro and Code Macro Capability 

RA70320 allows the definition of macro code sequences 
with parameters, LOCAL symbols, and special repeated 
code sequences. The macro code sequence is different 
from a subroutine call in that the invocation of a macro in 
the source code results in the direct replacement of a 
macro call with the defined code sequence. 

RA70320 also allows the definition of code macros to 
give the user the capability of defining a new instruction 
(mnemonic). Although an instruction definition could 
also be defined using the ordinary macro facility, code 
macros specify the allowable operand types for the new 
instructions whereas ordinary macros cannot. 

Directives 

Assembler directives give instructions to the program 
but are not translated into machine code during assem- 
bly. Basic directives include those for storage definition 
and allocation (DB, DW, DD, DQ, DT, DBS, DWS, DDS, 
DOS, DTS, STRUC/ENDS, RECORD); symbol control 
(EQU, LABEL, PURGE); and program counter control 
(ORG, EVEN, ALIGN). Program control directives in- 
clude those for segment definition and control 
(SEGMENT/ENDS, PROC/ENDP, ASSUME, GROUP, 
END); special function registers and internal RAM 
(SETIDB, ASGNSFR); linkage (NAME, PUBLIC, EXTRN); 
and PARITY. 



The relocation types for SEGMENT/ENDS directives are 
specified in the operand column and include BYTE, 
WORD, PARA, PAGE, and INPAGE. The combination 
types of PUBLIC, COMMON, AT, STACK, and MEMORY, 
which are also specified in the operand column, define 
the means of linking segments and groups of the same 
name. 

Controls 

There are two types of assembler controls for the 
RA70320: 

• Basic (specified in the assembler command line) 

— File specification 

— Output file selection 

— Output file destination 

— Listing format controls 

— Debug information output selection 

— Symbol case selection 

— Macro processing selection 

• General (specified in the source program) 

— Inclusion of other source files 

— Page eject 

— Generation/suppression of listing 

— Listing titles 

A list file may contain the complete assembly listing or it 
may contain only lines with errors and a symbol or 
cross-reference table. The symbol table lists all defined 
symbols in alphabetical order and also shows their 
types, attributes, and the values initially assigned to 
them. The cross-reference table contains all defined 
symbols, as well as the numbers of all statements refer- 
ring to them. 

The object file contains the relocatable object module. 
The format of this module conforms to NEC's proprietary 
relocatable object module format. 

Linker 

The LK70320 linker combines relocatable object mod- 
ules and absolute load modules and produces one ab- 
solute load module (figure 2). The controls for the linker 
may be specified in either the command line or in a 
parameter file. In addition to being able to specify the 
date, the module name, the starting address and the 
order for code/data/stack segments, it is also possible to 
protect areas of memory from being assigned. Further- 
more, it is possible to instruct the program to create a 
list file containing a link map, a local symbol table, or a 
public symbol table. The absolute load module contains 
symbol information for the symbolic debugger and the 
absolute object code. 
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Hexadecimal Object Code Converter 

The OC70320 object code converter (figure 3) translates 
an absolute load module file into an expanded hexadec- 
imal (7-bit ASC II) file that may be downloaded to a PROM 
programmer. Addresses may be specified as being out- 
put in the order in which they were input or in ascending 
order. 

Librarian 

The LB70320 librarian creates and maintains files con- 
taining relocatable object modules. The program re- 
duces the number of files that need to be linked together 
by allowing several modules to be kept in a single file, 
and also provides an easy way to link frequently used 
modules into programs. Modules may be added, deleted, 
or replaced within a library file. 

Operating Environment 

The RA70320 package has been designed to run under a 
variety of operating systems. One version is available to 
run on an MS-DOS system with one or more disk drives 
and at least 51 2K of system memory. Other versions are 
available to run on a Digital Equipment Corporation VAX 
computer under the UNIX 4.2BSD, Ultrix, and the VMS 
(Version 4.1 or later) operating systems. 

Downloading Files into the Emulator 

Absolute load modules produced by the RA70320 Relo- 
catable Assembler package can be debugged by using 
the NEC IE-70320 (V25) or IE-70330 (V35) stand-alone 
in-circuit emulator. Communication between these emu- 
lators and the host system is handled through an RS- 
232C serial line that uses the KERMIT communications 
protocol developed at Columbia University. With the 
appropriate version of KERMIT running on both the 
emulator and host system, absolute load modules or 
hexadecimal object code files may be transferred be- 
tween machines. 

A version of the KERMIT Communication Program is 
supplied with each NEC emulator. NEC supplies versions 
of KERMIT to run on the IBM PC, PC/XT™, PC AT™, or 
compatibles under MS-DOS operating systems, and the 
Digital Equipment VAX under VMS, UNIX 4.2BSD, or 
Ultrix. An appropriate version is provided with each 
relocatable assembler package at no extra charge. Ver- 
sions of KERMIT for other host systems are available 
directly from Columbia University 

A second means of loading files into the emulator is also 
available in the Multiple File Handler, a utility program 
that runs in the emulator and is supplied as part of the 



IE-70320 and IE-70330 packages. The Multiple File Han- 
dler allows the emulator to read MS-DOS formatted 
disks, among others. 
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Figure 3. Hexadecimal Object Code 

Converter Functional Diagram 
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PC/XT and PC AT are trademarks of International Business Machines 
Corp. 
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Documentation 

For further information on source program formats, 
assembler operation, and actual program examples, 
refer to the following manuals supplied with the 
RA70320. Additional copies may be obtained from NEC 
Electronics Inc. 

• RA70320 V25/V35 Relocatable Assembler Package 
Language Manual 

• RA7032O V25/V35 Relocatable Assembler Package 
Operation Manual. 

License Agreement 

RA70320 is sold under terms of a license agreement 
included with purchased copies of the assembler. The 
accompanying card must be completed and returned to 
NEC Electronics Inc. to register the license. Software 
updates are provided to registered users. 
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V25/V35 MINI-IE Plus 
In-Circuit Emulator 



Description 

The V25 MINI-IE Plus and V35 MINI-IE Plus are low-cost 
In-Circuit Emulators for the /iPD70320 (V25™), 
/JPD70325 (V25 Plus),pPD70330 (V35™), and^PD70335 
(V35 Plus) microcomputers from NEC Electronics. Low 
cost is achieved by using an IBM PC/XT®, PC AT®, IBM 
PS/2™, or compatible machine. 

The control software for the MINI-IE Plus is AdVICE 
(Advance V-Series In-Circuit Emulator), which acts as 
both a monitor and debugger. Debugging with break- 
point and non-real-time tracing of executing programs 
are accomplished in software using a V25/V35 micro- 
computer located on the MINI-IE Plus board. An op- 
tional real-time trace (RTT) board is available for those 
who need this additional tool. 

The AdVICE software is designed to provide a very 
user-friendly operating-debugging interface using a 
custom multiwindow display. User code developed 
with standard PC software development tools can be 
directly loaded (.EXE and .MAP files) into the MINI-IE- 
Plus. The AdVICE control program can even be left in 
PC memory as a background TSR while code modifica- 
tion is performed. 

Features 

a Emulates /iPD70320/70330 at up to 8 MHz. 

n Emulates /iPD70325/70335 at up to 10 MHz 

o Jumper selectable internal or external (target) 
dock. 

° Parallel interface with host PC; interface card and 
cable included 

a Connects to target system via flexible PLCC socket 
adapter 

— Emulation memory may be mapped to MINI-IE 
Plus or target system 

— Supports two 64K-byte mappable user 
emulation RAM areas 

n Software break and trace capabilities 

— Up to eight conditional breakpoints plus one in 
command line 

—Additional breakpoints can be given in the 
command line 

— Various actions can be programmed to take 
place on a break 

— Error checking of break entry conditions 



a Optional real-time trace (RTT) board 

— 8K frames by 48-bit trace buffer 

—Two hardware breakpoints with don't care 
features 

— Eight external data inputs 

— Hardware trigger output 

— Qualifier controlled recording 

— 32-bit timer with 250-ns resolution 

° Executes NEC .LNK absolute files and Microsoft 
.COM and .EXE files 

— Files can be downloaded to and uploaded from 
the MINI-IE Plus 

— Supports real-time and single-step emulation 

— User programmable public symbol buffer size 

n Controlled by powerful AdVICE monitor and 
debugging program 

— Symbolic full screen debugger 

— Displays six window areas with second-level 
break setup window 

— Updates display information as program single- 
steps 

— On-line assembler 

— Programmable trace and symbol buffer sizes 

— On-line help menus 

— Keyboard macros speed up repetitive operations 

— User definable commands 

— Resident operation with hot key activation 

— Message exchange capabilities between PC and 
emulator 

n Sample batch file contains demonstration 
program 

Ordering Information 



Part Number 



Description 



EB-V25MINI-IE-P 



A/PD70320/70325 MINI-IE Plus package 



EB-V35MINI-IE-P 



/iPD70330/70335 MINI-IE Plus package 



EB-V25/35-RTT 



V25/V35 MINI-IE Plus real-time trace option 



IBM PC/XT, IBM PC AX and IBM PS/2 are registered trademarks of 
International Business Machines Corporation. 
V25 and V35 are trademarks of NEC Corporation. 
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HARDWARE 

The V25/V35 MINI-IE Plus package consists of five 
components. 

• V25/V35 MINI-IE Plus box with target adapter 

• Modified printer adapter card 

• Interface cable 

• Dc power plug 

• AdVICE software and user's manual 

The MINI-IE Plus contains two 64K-byte blocks of static 
RAM that is allocated by software to any 64K-byte 
boundary within the 1M-byte address range of the 
V25/35. ROM simulation is performed by write protect- 
ing this memory. An additional 64K bytes of RAM and a 
128-byte I/O block are used by the internal monitor and 
can be relocated by command to avoid conflicts with 
external addressing needs. 

Typical memory mapping allocates one block at the 
beginning of the address space (00000H) and the other 
at address 0F0000H. This may represent the final hard- 
ware configuration. The upper block would contain 
program code and be write protected. Any writes to 
this area would stop the program execution and allow 
the user to analyze the program. This feature allows 
debug when the program tries to write to ROM. Execu- 
tion of t he rese t procedure is done by activating the 
target's RESET pin. Emulator hardware/software will 
not be reset by this action. 

Figure 1. MINI-IE Plus Front Panel 



An optional real-time trace (RTT) board can be plugged 
on top of the emulator card to provide a 48-bit by 8K 
deep trace buffer. Eight external logic pins can be 
monitored along with the 725^35 bus signals. 

Command control of the EA pin of the V25/V35 allows 
use of ROM-based devices. After initialization, EA is 
forced low to access external memory, but can be 
forced high by command or may be controlled by the 
target hardware. 

The NMI signal is normally used by the MINI-IE Plus to 
stop program execution using interrupt vector 02. Use 
of the target NMI signal in an application is possible by 
assigning an unused interrupt vector in place of the 
normal vector. Any high-to-low transitions of the target 
NMI signal will cause the emulator to execute this new 
vector. 

The interface card is a modified printer adapter card 
that allows fast bidirectional communications between 
the host PC and the MINI-IE Plus. This card is not 
needed with an IBM PS/2. The interface cable connects 
the MINI-IE Plus to the interface card on PC/XT/AT or 
compatible or to the printer port of an IBM PS/2. Power 
for the MINI-IE Plus is Supplied via the interface card. 
With PS/2, the dc power plug and a user-supplied 
external + 5-volt power supply power the MINI-IE Plus. 

The flexible target adapter allows direct connection to 
a PLCC socket of the target hardware. The cable is 
approximately 16 cm long and protrudes from the front 
of the MINI-IE Plus box. See figure 1, 
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SOFTWARE 

The control software (AV35N.EXE or AVRTT35N.EXE) 
uses the PC screen to display program and memory 
data All information is updated after every command, 
and it keeps the user informed of the current state of 
the emulation. The screen is divided into seven areas. 
These areas display the current contents of the regis- 
ters and bottom of stack, the command line, two 
memory dump areas with an additional ASCII dump 
display, the disassembler, and function key assign- 
ments. See figure 2. 

Help and other setup screens, such as breakpoint 
menus, overlay some of the windows described above. 
Executing a new command will restore the display to 
the original screen. Figure 3 shows the AdVICE screen 
with a help window and the command line prompts. 

AdVICE controls all the monitor and debug functions of 
the V25A/35 MINI-IE Plus including upload and down- 
load of programs, breaking, tracing, program execu- 
tion, disassembly, line assembly, and register/memory 
display and manipulation. The cursor can be moved 
anywhere within the window displays for immediate 
change of the memory areas, registers, flags, and 
breakpoints. 

Figure 2. AdVICE Main Screen 



Emulation 

User programs loaded into emulator RAM can be exe- 
cuted in real-time or in single-step mode. Single-step 
mode executes only one instruction, and procedure 
step executes an entire subroutine or software inter- 
rupt routine. Real-time execution is command acti- 
vated and terminates when a breakpoint is encoun- 
tered or the user terminates execution from the 
keyboard. Program execution is also stopped when an 
exception interrupt or an interrupt with an unitialized 
vector occurs. 

Message exchange between the PC and an executing 
application program is provided. See figure 4. An inter- 
rupt function similar to the DOS INT21 allows commu- 
nication to the application program without a keyboard 
or display attached to the target system. 
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Figure 3. AdVICE Screen With Help Menu and Command Line Prompts 
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Figure 4. Executing Program with Message Exchange 
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<The V35/25 timer was started ! 
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Break Capabilities 

The breakpoint entry menu is a second-level menu and 
can be entered by F5 key of the PC keyboard. The menu 
contains six fields: breakpoint number, breakpoint con- 
ditions, a count, number of occurrences, and action to 
be taken. 

Up to eight address breakpoints can be defined in the 
menu. They can be tagged with conditions and a count 
value (maximum of 65,535) for the number of times the 
breakpoint is satisfied. Up to eight conditions may be 
entered for each breakpoint, including satisfying other 
breakpoints and comparisons of register and memory 
contents (direct or indirect addressing modes) with 
those of other registers, memory locations, and imme- 
diate values. See figure 5. 

The action field defines an operation or operations to 
be done when a breakpoint occurs. Such actions are 
trace on/off, analyze on/off, restart the breakpoint, 
browse through a file, turn on/off the snap feature, and 
jump to a different section of code. 

To set up the analyze mode, an address field in the 
breakpoint menu is left empty but conditions are 
placed in the condition field. Then, on enabling the 
analyze mode, the program is run in single-step mode 
while the conditions are checked. In the snap mode, the 
instruction and the register values are put in the trace 
buffer when conditions for a breakpoint are met. 

Actions to be performed are taken when the occur- 
rence counter is equal to a specified count. This occur- 
rence counter is incremented only when all specified 
conditions are true. When emulation is to resume after 
a breakpoint, an option can be used in the GO com- 
mand that will not reset the occur field and the trace 
mode. 

Trace Capabilities 

The MINI-IE Plus traces program execution in single- 
step mode. This software method allows the AdVICE 
monitor program to record the current register con- 
tents and the top four words of the stack. In order to 
start filling the trace buffer, the trace on action must be 
given at an address breakpoint. The buffer, which can 
be displayed from the main screen or from the menu 
screen, is filled in a round-robin fashion. See figure 6 



The trace buffer is located in the MINI-IE monitor RAM. 
The default size of 37K bytes allows for 1000 records to 
be stored. A trace record consists of the V25/V35 
instruction and associated register and stack con- 
tents. The buffer can be varied in size from 1 k to 38k by 
means of a startup invocation switch. 

The real-time trace option is available when require- 
ments do not allow the single step of the user program 
for software tracing. The RTT will recordthe data on the 
bus in real time and the RTT software allows the user to 
view the data in disassembled format when the execu- 
tion is stopped. See figure 7. 

The RTT buffer is 8191 frames by 48 bits. A qualifier can 
be specified to restrict recording to specific condi- 
tions. Two hardware breakpoints — made from address, 
data, bus cycle type, and external logic inputs — allow 
multiple actions to be executed (such as RTrace on/off, 
break, timer on/off). 

CONNECTION TO IBM PC 

The V25A/35 MINI-IE Plus can be used with IBM PC/ 
XT/AT or full compatibles, and on IBM PS/2. A mono- 
chrome, CGA, Hercules® color graphics, or EGA 
adapter and corresponding monitor is required. With 
IBM PC/XT/AT, at least one expansion slot must be 
available for use with the parallel interface adapter 
included with the MINI-IE Plus. 

At least one printer port address should also be avail- 
able. IBM PS/2 models will use the system printer port 
and will require a user-provided + 5-volt dc power 
supply to power the MINI-IE Plus. A minimum of 88K 
bytes of free memory is needed to run AdVICE. A hard 
disk is not required but is recommended. 

The parallel board of the MINI-IE Plus is hardwired for 
address 0278H of the PC I/O space. A provision on the 
parallel board allows you to change the I/O address to 
a different value, and a command line switch tells 
AdVICE where the parallel board is located. 

With the MINI-IE Plus board connected to the parallel 
board via the 25-line cable, running the AdVICE pro- 
gram will initiate communications with the MINI-IE Plus 
and/or the target system. 
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Figure 5. Example of Breakpoint Entry Menu With Help 



Can be used to define a condition that must be true when the breakpoint 
is hit. Up to 8 conditions can be specified for each breakpoint. If all 
conditions are true the 'Occur '-counter ia incremented until it is equal 
to 'Count' and the 'Action' is performed. 
Example: BR3 AW>=123 DS:[IX]= /W ES:32B4 CY=1 
For more details refer to the user's manual. 
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Figure 6. Soft Trace Buffer Display 
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Figure 7. Real-Time Trace Buffer Display 
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V25 PLUS AND V35 PLUS EMULATION 

The V25 MINI-IE Plus can emulate both the standard 
V25 and the V25 Plus. This is accomplished by simply 
switching the V25 in the emulator with the V25 Plus 
chip. The emulator can be upgraded to support the V25 
Plus at 10 MHz, either by changing the 16-MHz crystal 
in the emulator with a 20-MHz crystal or by using an 
external 20-MHz frequency source. (Do not use an 
external crystal as a frequency source because the 
crystal may not oscillate due to probe cable effects.) In 
addition to changing the emulator CPU, 10-MHz oper- 
ation requires replacement of memory devices in the 
emulator. The V25 MINI-IE Plus requires 70-ns access 
time (or faster) and 32K-byte by 8-bit static memory 
chips when run at zero wait states and 10 MHz. 



The V35 MINI-IE Plus can emulate the V35 in the same 
manner as described above. Note that 10-MHz opera- 
tion also requires the faster SRAMS. The V25 MINI-IE 
Plus cannot be used to emulate either the V35 or V35 
Plus devices; the V35 MINI-IE Plus cannot be used to 
emulate either the V25 or V25 Plus devices. 

The control program of the V25 MINI-IE Plus and V35 
MINI-IE Plus will automatically sense the CPU in the 
emulator upon power-up and adjust the internal Spe- 
cial Function Registers to support the installed CPU. 
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V40/V50 MINI-IE 
In-Circuit Emulator 



Description 

The V40 MINI-IE and V50 MINI-IE are low-cost in-circuit 
emulators for the juPD70208 (V40™) and /L/PD70216 
(V50™) microcomputers. The MINI-IE is designed to be 
used with an IBM PC/XT®, PC AT®, IBM PS/2®, or com- 
patible machine. The control software for the MINI-IE is 
AFD-Sym (Advanced Full-Screen Debug with Symbols), 
which acts as both a monitor and debugger. Debugging 
with breakpoints and non-real-time tracing of execut- 
ing programs are accomplished in software using a 
V40/V50 microprocessor located on the MINI-IE board. 

Features 

n EmulatesjuPD70208/70216at8MHz 

° Parallel interface with host PC; interface card and 
cable included 

n Connects to target system via PGA or PLCC probe 

° MINI-IE hardware 

— 64K bytes of static RAM starting at address 
0000:0 

— MINI-IE reserved PROM at address F800:0 
through FFFF:F 

— MINI-IE memory may be disabled to use target 
memories 

— 32 bytes of MINI-IE I/O starting at address 
8000:0 

° Software break and trace capabilities 

— Up to eight conditional breakpoints in break 
definition mode 

— Additional breakpoints can be given in the 
command line 

— Various actions can be programmed to take 
place on a break 

— Error checking of break entry conditions 

a Executes NEC .LNK absolute files and Microsoft 
.COM and .EXE files 

— Files can be downloaded to and uploaded from 
the MINI-IE 

— Supports real-time and single-step emulation 

— User-programmable public symbol buffer size 

IBM PC/XT, IBM PC AX and IBM PS/2 are registered trademarks of 

International Business Machines Corporation. 

Hercules is a registered trademark of Hercules Computer 

Technology Inc. 

V40 and V50 are trademarks of NEC Corporation. 



n Controlled by powerful AFD-Sym monitor and 
debugging program 

— Symbolic full-screen debugger 

— Uses function keys as well as direct command 
entry 

— Displays six window areas with second-level 
break setup window 

— Updates display information as program single 
steps 

— On-line assembler 

— Evaluates and displays arithmetic expressions 

— Displays color on color systems 

— Programmable trace and symbol buffer sizes 

— On-line help menus 

— Macro command capability 

n Sample batch file contains demonstration 
program 

Ordering Information 



Part Number 


Description 


EB-V40MINI-IE 


A/PD70208 (V40) PC-based MINI-IE with 
adapter 


EB-V50MINI-IE 


/L/PD70216 (V50) PC-based. MINI-IE with 
adapter 


ADAPT68PGA68PLCC 


Adapter for 68-pin PLCC socket 
(shipped with MINI-IE) 



HARDWARE 

The MINI-IE (figure 1) consists of a parallel interface 
board providing bidirectional data communication and 
a/;PD70208 orpPD70216 emulation board (or MINI-IE 
board). The parallel board fits into a free slot in the PC 
and is hardwired for address 0278H within the PC I/O 
space. 

The MINI-IE board consists of a^PD70208 or/L/PD70216, 
32K bytes of EPROM, 64K bytes of static RAM, decod- 
ing logic, and a parallel interface. It can receive power 
from the PC, the target system, or an external supply. 
The MINI-IE board connects to the parallel board in the 
PC by a 25-line cable. 

The MINI-IE can be connected directly into a 68-pin 
PGA socket on the target system or into a 68-pin PLCC 
socket on the target system through adapter 
ADAPT68PGA68- PLCC. In this configuration, the 
MINI-IE RAM and EPROM can be disabled via jumpers 
so that target memory is accessed, or a combination of 
MINI-IE and target memories can be used. 



V40/Y50 MINI-IE 




Figure 1. 


V40/VS0 MINI-IE Board (Component Side) 
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Figure 2. AFDSym Main Screen 



AW 0207 


IX ocoo 


PS 0221 PC 0000 


Stack +0 FFFF 


PSW F002 


'lntM:l V40 


3W 0000 


IY 018.4 


DS 0220 








+2 340C 








C.W 0089 


BP 0000 


ES 00.00 HS 0220 






+4 0012 


V 


DIR IE S 


Z AC P CY 


DW FFFD 


SP 01FE 


SS 0200 FS 01BB 






+6 0000 











r. 


or or 




















CMD >G 












1 

DS • 0000 



OC 


12 3 
34 12 00 
00 00 00 


4 5 6.7 
00 00 00. 00 


2 > * * * 


EXECUTING*** 


Analyze 


DS:0008 


00 


00 00 00 00 


MAIN: 












DS:0010 


B8 


20 02 8E 


D8 90 FA 33 


0000 B82002 


MOV AW, 0220 








DS:0018 


CO 


8E.C0 90 


FC BF 80 01 


00 0.3. 8ED3 




MOV DS,AW 








DS:0020 


B8 


65 00 AB 


8C C8 AB E8 


0005 90 




NOP 








DS:0028 


08 


00 33 CO 


FB 40 90 EB 


0006 FA 




DI 








DS:0030 


FC 


CC BA FC 


FF BO 00 EE 


0007 33C0 




XOR * AW, AW 








DS:0038 


BA 


FA FF BO 


60 EE BA F9 


0009 8EC0 




MOV ES,AW 








DS:0040 


FF 


BO 50 EE 


BA FO FF BO 


C 


)O0B 90 




NOP 








DS:0048 


01 


EE BA FD 


FF B8 02 00 


2 


. 


3 4 5 


.6 7 8 9 A 


B 


C D 


E 


: F 1 


2 








HS:0003 


00 00 00 


00 00 00 00 00 


00 


00 00 


OC 


) 00 B8 20 


02 




...... 


3 U«£6nH 

ji!'E|- m 


HS:0013 


8E D8 90 


FA 33 CO 8E CO 


90 


FC BF 


8C 


> 01 B8 65 


00 




A+fi-3U 


HS:0023 


AB 8C G8 


AB E8 08 00 33 


CO 


FB 40 


9C 


) EB FC CC 


BA 




HS:0033 


FC FF BO 


00 EE BA FA FF 


BO 


60 EE 


B? 


i F9 FF BO 


50 




n III - e | - 


H 


S:0043 


EE BA FO 


FF BO 01 EE BA 


FD 


FF B8 


02 


, 00 EE BO 


13 




E|a ;;;.£ 


1 a v «!!!• 


1 


Step 


2ProcStep 3Retrieve 4Help 


ON 


5BRK 


M€ 


nu 6 


7 up 8 dn 


9 le 10 ri 




















834767A 



NEC 



V40/V50 MINI-IE 



SOFTWARE 

The control software, AFD-Sym, provides six windows 
on the main screen display (figure 2). 

• juPD70208/70216 registers and flags and the top four 
words of the stack 

• Command entry line 

• Offset addresses, opcodes, and disassembly of eight 
lines of the program load area 

• 80-byte memory dump area 

• Second 80-byte memory dump area 

• ASCII equivalent of the second 80M-byte memory 
area 

AFD-Sym controls al I the monitor and debug functions of 
the MINI-IE including uploading and downloading pro- 
grams, program execution with or without breakpoints, 
recording of trace history, disassembly, in-line code 
assembly, and register/memory display and manipula- 
tion. The cursor may be moved anywhere within the 
window displays for immediate change of the memory 
areas, registers, flags, and breakpoints. 

AFD-Sym software running on a PC requires 75Kto 147K 
bytes of system memory depending on the options 
required. It may be copied to a hard disk or run directly 
from the floppy diskette. 

Emulation RAM area starting at address 0000:0 is partly 
used by the AFD-Sym monitor and the interrupt vectors. 
The lowest available user memory is indicated by the 
segment registers after reset and depends on the trace 
buffer size allocated. The AFD-Sym code in EPROM is 
located at F800:0 and the following 32K bytes are re- 
served for this purpose. 

Emulation 

User programs loaded into emulator RAM or EPROM can 
be executed in real-time or in single-step mode. Single- 
step mode executes only one instruction; procedure 
step executes an entire subroutine or software interrupt 
routine. It is possible to single-step a hardware interrupt 
handler when the associated interrupt mode is selected. 
Real-time execution is command activated and termi- 
nates when a breakpoint is encountered or the user 
terminates execution from the keyboard. Program exe- 
cution is also stopped when an exception interrupt or an 
interrupt with an uninitialized vector occurs. 



Programs generated using NEC's RA70320 Relocatable 
Assembler package allow symbols to be loaded directly 
with the program code. Programs produced with devel- 
opment tools that generate .EXE or .COM files can be 
loaded into the MINI-IE, but symbols must be loaded 
separately. Several symbol files can be loaded into the 
internal symbol table. The buffer used for symbol stor- 
age is allocated in the PC and can be varied in size from 
1K to 64K bytes. Symbols can be added, deleted, and 
renamed interactively. 

Break Capabilities 

Two types of breakpoints are available. Immediate break- 
points are entered directly with the execution command 
and stop execution when the instruction at the specified 
location is to be executed. The second type of break- 
point is specified in a separate breakpoint menu. 

The breakpoint entry menu (figure 3) is a second-level 
menu and can be entered by F5 key of the PC keyboard. 
The menu contains six fields: breakpoint number, break- 
point conditions, a count, number of occurrences, and 
action to be taken. 

Up to eight address breakpoints can be defined in the 
menu. They can be tagged with conditions and a count 
value (up to 65,535) for the number of times the break- 
point is satisfied. Up to eight conditions may be entered 
for each breakpoint, including satisfying other break- 
points and comparisons of register and memory con- 
tents (direct or indirect addressing modes) with those of 
other registers, memory locations, and immediate 
values. 

The action field defines an operation or operations to be ^* 
done when a breakpoint occurs. Such actions include 
trace on/off, analyze on/off, restart the breakpoint, 
browse through a file, turn on/off the snap feature, and 
jump to a different section of code. 

To set up the analyze mode, an address field in the 
breakpoint menu is left empty but conditions are placed 
in the condition field. Then, on enabling the analyze 
mode, the program is run in single-step mode while the 
conditions are checked. In the snap mode, the instruc- 
tion and the register values are put in the trace buffer 
when conditions for a breakpoint are met. 

Actions are performed when the occurrence counter is 
equal to a specified count. This occurrence counter is 
incremented only when all specified conditions are true. 
When emulation is to resume after a breakpoint, an 
option can be used in the GO command that will not 
reset the occur field and the trace mode. 
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Trace Capabilities 

The MINI-IE trace is handled in software by the AFD- 
Sym. When trace is active, the current register contents 
and the top four words of the stack are saved to the trace 
buffer, along with the instruction that is to be executed 
in single-step mode. Program execution is not in real 
time when trace or analyze modes are enabled. Interrupt 
routines are, however, executed in real time and are not 
recorded in the trace buffer (unless the user selects 
interrupt step mode of the MINI-IE). 

The trace buffer resides in the emulation memory and its 
size can be set from 1K to 64K bytes by the user. The 
default size of 4K bytes allows 100 records to be stored; 
Trace data* which can be displayed from the main screen 
or from the menu screen, can be shown with register 
contents or instructions only. See figure 4. Records can 
be printed or saved to a file. If symbols are loaded, they 
will be shown in the trace records. 



CONNECTION TO IBM PC 

The V40 or V50 MINI-IE. can be used with IBM PC/XT/AT 
or full compatibles, and on IBM PS/2. A monochrome, 
CGA, Hercules® color graphics or EGA adapter and 
corresponding monitor is required. With IBM PC/XT/AT, 
at least one expansion slot must be available for use with 
the parallel interface adapter included with the MINI-IE. 

At least one printer port address should also be avail- 
able. IBM PS/2 models will use the system printer port 
and will require a user-provided + 5-volt dc power supply 
to power the MINI-IE. A minimum of 75K bytes of free 
memory is needed to run AFD-Sym. A hard disk is not 
required but is recommended. 

The parallel board of the MINI-IE is hardwired for address 
0278H of the PC I/O space. A provision on the parallel 
board allows you to change the l/G address to a different 
value, and a command line switch tells AFD-Sym where 
the parallel board is located. 

With the MINI-IE board connected to the parallel board 
via the 25-line cable, running the AFD-Sym program 
initiates communications with the MINI-IE and/or the 
target system. 



Figure 3. Breakpoint Entry Menu 
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Defines the address of a breakpoint. With ■'-■'' as the first character 
the breakpoint is inactive. A breakpoint with an empty address field 
will be checked on every break if count>0 and an action is specified 
for this breakpoint. With ' Alt'+n (n=1..8) the address of the actual 
instruction will be stored to the corresponding breakpoint. 
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Figure 4. Trace Buffer Display 
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Section 7 
Package Drawings 



Package/Device Cross-Reference 


7-3 


18-Pin Plastic DIP 


7-5 


20-Pin Plastic DIP (300 mil) 


7-5 


20-Pin Plastic SOP (300 mil) 


7-6 


24-Pin Plastic DIP (600 mil) 


7-6 


28-Pin Plastic DIP (600 mil) 


7-7 


28-Pin PLCC 


7-8 


40-Pin Plastic DIP (600 mil) 


7-8 


44-Pin Plastic QFP (P44G-80-22) 


7-9 


44-Pin Plastic QFP (P44GB-80-3B4) 


7-9 


44-Pin PLCC 


7-10 


48-Pin Plastic DIP 


7-11 


52-Pin Plastic QFP 


7-12 


52-Pin PLCC 


7-13 


68-Pin PLCC 


7-14 


68-Pin Ceramic PGA 


7-15 


74-Pin Plastic QFP 


7-16 


80-Pin Plastic QFP 


7-17 


84-Pin PLCC 


7-18 


84-Pin Ceramic LCC 


7-19 


94-Pin Plastic QFP 


7-20 


120-Pin Plastic QFP 


7-21 


132-Pin Ceramic PGA 


7-22 
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Package/Device Cross-Reference 
Package 



18-Pin Plastic DIP 



20-Pin Plastic DIP (300 mil) 



20-Pin Plastic SOP (300 mil) 



24-Pin Plastic DIP (600 mil) 



28-Pin Plastic DIP (600 mil) 



28-Pin PLCC 



40-Pin Plastic DIP (600 mil) 



Device, /*PD 



7101 1C-8 
71011C-10 

71084C-8 
71084C-10 



71082C 
71083C 

71086C 
71087C 

71088C-8 
71088C-10 



7101 1G-8 

71082G 
71083G 

71084G-8 
71086G 

71087G 
71088G-8 



71054C-8 
71054C-10 



71051 C-8 
71051 C-10 

71059C-8 
71059C-10 



71051 L-8 
71051 L-10 

71054L-8 
71054L-10 

71059L-8 
71059L-10 



70108C-8 
70108C-10 

70116C-8 
70116C-10 

71037CZ-10 

71055C-8 
71055C-10 



44-Pin Plastic QFP 
(P44G-80-22); 1.45 mm thick 


71054G-8 
71055G-8 

71059G-8 



Package 



44-Pin Plastic QFP 
(P44GB-80-3B4); 
2.70 mm thick 



44-Pin PLCC 



48-Pin Plastic DIP 



52-Pin Plastic QFP 



52-Pin PLCC 



68-Pin PLCC 



68-Pin Ceramic PGA 



74-Pin Plastic QFP 



80-Pin Plastic QFP 



Device, /tPD 



71037GB-10 

71051 GB-8 
71051 GB-10 

71054GB-8 
71054GB-10 

71055GB-8 
71055GB-10 

71059GB-8 
71059GB-10 



70108L-8 
70108L-10 

70116L-8 
70116L-10 

71037LM-10 

71055L-8 
71055L-10 



71071 C-10 



70108GC-8 
70108GC-10 

70116GC-8 
70116GC-10 



71071 L-10 



70136L-12 
70136L-16 

70208L-8 
70208L-10 

70216L-8 
70216L-10 



70136R-12 
70136R-16 

70208R-8 
70208R-10 

70216R-8 
70216R-10 



70136GJ-12 
70136GJ-16 



70208GF-8 
70208GF-10 

70216GF-8 
70216GF-10 
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18-Pin Plastic DIP 
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22.86 max 
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1.27 max 
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* Item K to center of leads 
when formed parallel. 
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20-Pin Plastic DIP (300 mil) 
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.035 min 



' Item K to center of leads 
when formed parallel. 
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20-Pin Plastic SOP (300 mil) 
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24-Pin Plastic DIP (600 mil) 
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.047 min 


G 


3.5 ±0.3 
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Item K to center of leads 
when formed parallel. 
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28-Pin Plastic DIP (600 mil) 
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38.10 max 


1.500 max 
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2.54 max 
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' Item K to center of leads 
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28-Pin PLCC 



Item 


Millimeters 


Inches 


A 


12.45 ±0.2 


.490 ±.008 


B 


11.50 


.453 
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11.50 


.453 
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12.45 ±0.2 


.490 


±.008 
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1.94 ±0.15 


.076 


+ .007 
-.008 
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.024 
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4.4 ±0.2 


.173 


+ .009 
-.008 
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2.8 ±0.2 
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+ .009 
-.008 
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0.9 min 


.035 


min 


J 


3.4 


.134 
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1.27 (TP) 
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40-Pin Plastic DIP (600 mil) 
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53.34 max 
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.047 min 


G 


3.6 ±0.3 


.142 ±.012 


H 
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44-Pin Plastic QFP (P44G-80-22); 1.45 mm thick 
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13.6 ±0.4 


535 + - 017 
• aJa -.016 
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10.0 ±0.2 
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dS4 - .009 
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10.0 ±0.2 
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0.8 (TP) 
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K 


1.8 ±0.2 
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L 
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■ 0da - .008 
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1.45 ±0.1 
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, .000 ±.004 


S 


1.65 max 


.065 max 




Enlarged detail of lead end 
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44-Pin Plastic QFP (P44GB-80-3B4); 2.70 mm thick 
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13.6 ±0.4 
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10.0 ±0.2 
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.119 max 



us., 



-II- 

_ H 

m ■ ©i m 



Enlarged detail of lead end 




L-IM 



P44GB-80-3B4-1 



49NR-556B (1/90) 



7-9 



Package Drawings 



NEC 



44-Pin PLCC 



Item 


Millimeters 


Inches 


A 


17.5 ±0.2 


.689 ±.008 


B 


16.58 


.653 


C 


16.58 


.653 


D 


17.5 ±0.2 


.689 ±.008 


E 


1.94 ±0.15 


.076 ±.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


.173 ±.008 


H 


2.8 ±0.2 


.110 ±.008 
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0.9 min 


.035 min 
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3.4 


.134 
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.050 (TP) 
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0.40 ±0.10 
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48-Pin Plastic DIP 
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Millimeters 


Inches 


A 


63.50 max 


2.500 max 


B 


15.24 [TP] 


.600 [TP] 


C 


13.8 


.543 
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5.72 max 


.225 max 
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4.31 max 


.170 max 
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3.6±0.3 


.142 ±.012 
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2.54 max 


.100 max 
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2.54 [TP] 
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.043 min 
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0.51 min 


.020 min 


K 


0.50 ±0.10 
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52-Pin Plastic QFP 
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17.6 ±0.4 


.693 


±.016 
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14.0 ±0.2 
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+ .009 
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+ .009 
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.016 
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.071 
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-.009 
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+ .009 
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.006 




P 


2.7 
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Enlarged detail of lead end 
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52-Pin PLCC 



Item 


Millimeters 


Inches 


A 


20.1 ±0.2 


.791 ±.008 


B 


19.12 


.753 


C 


19.12 


.753 


D 


20.1 ±0.2 


.791 ±.008 


E 


1.94 ±0.15 


.076 ±.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


.173 ±.008 


H 


2.8 ±0.2 


.110 ±.008 


1 


0.9 min 


.035 min 


J 


3.4 


.134 


K 


1.27 (TP) 


.050 (TP) 


M 


0.40 ±0.10 


.016 ±.004 


N 


0.12 


.005 


P 


18.04 ±0.20 


.710 ±.008 
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Package Drawings 




68-Pin PLCC 



Item 


Millimeters 


Inches 


A 


25.2 ±02 


.992 ±.008 


B 


24.20 


.953 


C 


24.20 


.953 


D 


25.2 ±0.2 


.992 ±.008 


E 


1.94 ±0.15 


■076 + -°°Z 
-.006 
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.024 
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4.4 ±0.2 


173 +.009 
■ 1AJ -.008 
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.110 + "°09 
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.035 min 
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0.40 ±0.10 
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Package Drawings 



68-Pin Ceramic PGA 



Item 


Millimeters 


Inches 


A 


27.94 ±0.4 


1.1O0 


+ .016 
-.015 


D 


27.94 ±0.4 


1.10C 


+ .016 
-.015 


E 


1.27 


.050 




F 


2.54 (TP) 


.100 


(TP) 


G 


2.8 ±0.3 


.110 


+ .012 
-.011 


H 


0.5 min 


.019 


min 


1 


2.70 


.106 




J 


4.57 max 


.180 


max 


K 


1.2 ±0.2 dia 


.047 


+ .008 
-.007 


L 


0.46 ±0.05 dia 
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+ .002 
-.001 
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.020 





Top View 
A 







■ 1 1 1 1 A , 

| , 1 I 1 


1 

F 
















c 


3 


A i 
H i 




—I 


— 


K 




M 


®| 





Bottom View 








o 


o 


o 





o 


o 





o 







© 

















o 





© 


o 


o 


o 
















o 


o 


o 



















o 


o 


o 



















o 


o 


o 


o 
















o 


o 


o 



















o 


o 


o 


o 
















o 


o 





o 
















o 


o 


o 


© 


o 


o 


o 





o 


o 


o 


© 


o 




o 


o 


o 


o 


o 


o 


o 


o 


o 





LKJHGFEDCB 



7-15 



Package Drawings 



NEC 



74-Pin Plastic QFP 



Item 


Millimeters 


Inches 


A 


23.2 ± 0.4 


.913 


+ .017 
-.016 


B 


20.0 ±0.2 


.787 


+ .009 
-.008 


C 


20.0 ±0.2 


.787 


+ .009 
-.008 


D 


23.2 ±0.4 


.913 


+ .017 
-.016 


F1 


2.0 


.079 




F2 


1.0 


.039 




G1 


2.0 


.079 




G2 


1.0 


.039 
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0.40 ±0.10 


.016 


+ .004 
-.005 


I 


0.20 


.008 




J 


1.0 (TP) 


.039 


(TP) 


K 


1.6 ±0.2 


.063 ± .002 


L 


0.8 ±0.2 


.031 


+ .009 
-.008 


M 


15 +a1 ° 
°- 1s> -0.05 


.006 


+ .004 
-.005 
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0.15 


.006 




P 


3.7 


.146 
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0.1 ±0.1 


.004 


±.004 


R 


0.1 ±0.1 


.004 ± .004 
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4.0 max 
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Package Drawings 



80-Pin Plastic QFP 



Item 


Millimeters 


Inches 


A 


23.6 ±0.4 


.929*016 


B 


20JD102 


787 -jooe 


C 


14.010.2 


551 +D09 
301 -JOOB 


D 


17fi±0.4 


£93 ±.016 


F 


10 


.039 


G 


OS 


.031 


H 


035*0.10 


MA +j004 
014 -O05 


1 


Q15 


.006 
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0J3(TP) 


.031 (TP) 
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.0041.004 


R 
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.004 ±004 
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3j0max 


.118max 
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Package Drawings 




84-Pin PLCC 



Item 


Millimeters 


Inches 


A 


30.2 ±0.2 


1.189 ±.008: 


B 


29.2a 


1.153 


C 


29.28 


1.153 


D 


30.2 ±0.2 


1.189 ±.008 


E 


1.94 ±0.1.5 


.076 ±.006 


F 


0.6 


.024 


G 


4.4 ±0.2 


.173 ±.008 


H 


2.8 ±0.2 


.110 ±.008 


1 


0.9 mln 


.035 mln 


J 


3.4 


.134 


K 


1.27 (TP) 


.050 (TP) 


M 


0.40 ±0.10 


.016 ±.004 


N 


0.12 


.005 


P 


28.20 ±0.20 


1.110 ±.008 


Q 


0.15 


.006 


T 


0.8 radius 


.031 radius 
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v -"" -0.05 
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Package Drawings 



84-Pin Ceramic LCC 



Item 


Millimeters 


Inches 


A 


29.2±0.4 


1.150 + 016 
-.017 


B 


24.0 


.945 


C 


19.75 


.778 


D 


29.2 ±0.4 


1150 + 016 
1130 -.017 


E 


1.28 


.050 


F 


1.66 


.065 


G 


3.556 


.140 


H 


0.91 ±0.10 


036 +004 
■ 0db -.005 
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0.12 


.005 


J 


1.27 (TP) 


.050 (TP) 


K 


1.27 ±02 


.050 ± .008 


L 


2.54 ±02 


.100 ±.008 


P 


0.25 radius 


.010 radius 


R 


1.9 


.075 
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1S 


.075 
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3.0 radius 


.118 radius 
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12.0 
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0.76 corner 


.030 corner 
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Package Drawings 



94-Pin Plastic QFP 



Item 


Millimeters 


Inches 


A 


23.2 ±0.4 


.913 


+.017 
-.016 


B 


20.0 ±0.2 


.787 


+.009 
-.008 


C 


20.0 ±0.2 


.787 


+.009 
-.008 


D 


23.2 ±0.4 


.913 


+.017 
-.016 


•=1 


1.6 


.063 




F ? 


0.8 


.031 
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1.6 
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G ? 


0.8 


.031 
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0.35 ±0.10 


.014 
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-.005 
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0.15 


.006 




J 


0.8 (TP) 


.031 


(TP) 
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1.6 ±0.2 


.063 


±.008 


L 


0.8 ±0.2 


.031 


+.009 
-.008 


M 
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.006 


+.004 
-.003 
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0.15 


.006 




P 


3.7 


.146 




Q 


0.1 ±0.1 


.004 ±.004 


R 


0.1 ±0.1 


.004 ±.004 


S 


4.0 max 


.158 


max 
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Package Drawings 



120-Pin Plastic QFP 



Item 


Millimeters 


Inches 


A 


32.0 ±0.4 


1.260 


±.016 


B 


28.0 ±0.2 


1.102 


+ .009 
- .008 


C 


28.0 ±0.2 


1.102 


+ .009 
-.008 


D 


32.0 ±0.4 


1.260 


±.016 


F 


2.4 


.094 




G 


2.4 


.094 




H 


0.35 ±0.10 


.014 


+ .004 
-.005 


1 


0.15 


.006 




J 


0.8 (TP) 


.031 


(TP) 


K 


2.0 ±0.2 


.079 


+ .009 
-.008 


L 


0.8 ±0.2 


.031 


+ .009 
-.008 


M 


15 +0 - 10 
- 1;5 -0.05 


.006 


+ .004 
-.003 


N 


0.15 


.006 




P 


3.7 


.146 




Q 


0.1 ±0.1 


.004 ± .004 


R 


0.1 ±0.1 


.004 ±.004 


S 


4.0 max 


.157 


max 
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Package Drawings 



132-Pin Ceramic PGA 
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Item 


Millimeters 


Inches 


A 


35.56 ±0.4 


1.400^ 


D 


35.56 ±0.4 


1.400-°]! 


E 


1.27 


.050 


F 


2.54 (TP) 


.100 (TP) 


G 


2.8 ±0.3 


110 +.O12 
-1 -.011 


H 


0.5 min 


.019 min 


1 


2.9 


.114 


J 


4.57 max 


.180 max 


K 


01. 2 ±0.2 


•■™3S 


L 


00.46 ±0.05 


■-OU35? 
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0.5 


.020 
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NEC 



NEC Electronics Inc. 



{/PD70236 (V53) 

16-Bit Microprocessor: 

High-Speed, High-Integration, CMOS 



Addendum 1 (April 1991) 



Scope 

This addendum to the pPD70236 (V53) data sheet, 
document no. 50159-1, revises the AC Characteristics 
table to include data for operation with CPU clock 
frequencies of 10, 12.5, and 16 MHz. 



Changes 

Pages 14 and 15. Replace with the AC Characteristics 
table in this addendum. 



AC Characteristics 

T A = -10 to +70°C; V DD = 5 V 


±10%; C L of 


output terminals = 


100 pF 


max; tcYK = 


CPU 


clock period; 


; n = number of wait states 






Symbol 








Maximum CPU Clock Frequency 










10 MH; 


i 




12.5 MHz 


I6MH2 






Parameter 


Min 




Max 


Min 




Max 


Min 


Max 


Unit 


Clocks (figure 1) 


CLKOUT period 


*CYK 


100 




500 


80 




500 


62.5 


500 


ns 


CLKOUT high-level width 


*KKH 


0.5t CY K 


-12 




0.5t CY K 


-10 




0.5t CY K-7 




ns 


CLKOUT low-level width 


*KKL 


0.5t CY K 


-12 




0.5t CY K 


-10 




0.5t CYK -7 




ns 


CLKOUT rise time (1.0-3.5 V) 


*KR 






12 






10 




7 


ns 


CLKOUT fall time (3.5-1 .0 V) 


tKF 






12 






10 




7 


ns 


X1 input period 


*CYX 


50 




250 


40 




250 


31.25 


250 


ns 


X1 input high-level width 


tXKH 


20 






15 






13 




ns 


X1 input low-level width 


tXKL 


20 






15 






13 




ns 


X1 input rise time 


*XKR 






7 






5 




5 


ns 


X1 input fall time 


*XKF 






7 






5 




5 


ns 


X1 to CLKOUT delay 


*DXK 


10 




35 


10 




35 


10 


35 


ns 


PCLKOUT period 


tCYPK 


4t CYX 




.1000 


4tCYX 




1000 


4tcYX 


1000 


ns 


PCLKOUT high-level width 


tPKH 


2t C YX- 


12 




2tcYX~ 


10 




^CYX -7 




ns 


PCLKOUT low-level width 


*PKL 


2t CYX _ 


12 




2t CY x~ 


10 




^CYX -7 




ns 


PCLKOUT rise time (1 .0-3.5 V) 


tPKR 






12 






10 




7 


ns 


PCLKOUT fall time (3.5-1.0 V) 


tpKF 






12 






10 




7 


ns 


Input signal rise time 


t|Rt 






15 






15 




12 


hs 


Input signal fall time 


t| F t 






10 






10 




10 


ns 


Output signal rise time 


tORt 






15 






15 




12 


ns 


Output signal fall time 


tOFt 






10 






10 




10 


ns 


Reset (figure 2) 


RESET setup to CLKOUT 1 


tSRSTK 


30 






30 






30 




ns 


RESET hold from CLKOUT I 


tHKRST 


15 






15 






15 




ns 


RESET low-level width 


*WRSTL 


6 






6 






6 




*CYK 


RESOUT delay from CLKOUT 4 


*DKRO 







40 







40 





40 


ns 



t This parameter is not shown on the timing waveforms. 
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NEC 



AC Characteristics (cont) 




Symbol 




Maximum CPU Clock Frequency 








10 MHz 




12.5 MHz 




16 MHz 






Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Read, Write (figures 3-12, 16, 


18-19,22,28-31) 














Address/status setup time 
before assertion of MRD, 
IORD1 


*DARLt 


0.5t C YK " 15 




0.5t C YK-1 5 




0-5t C YK-15 




ns 


Data hold time from MRD, 
IORD t 


*HRDt 

















ns 


Address/status setup time 
before assertion of MWR, 

ioWFu 


*DAWL t 


0.5t C YK ~ 15 




0.5t CY K - 15 




0.5t C YK-15 




ns 


MWR, IOWR low-level width 


twWLt 


(n+1)t CY K-10 




(n+1)t CY K-10 




(n+1)t CY K-10 




ns 


Address/status hold time from 
MWRT 


tHMWHA t 


°- 5 tCYK- 15 




0.5tcYK-15 




°-5tcYK-15 




ns 


BCYST delay from CLKOUT 1 


*DKBC 


5 


45 


5 


45 


5 


40 


ns 


BCYST low-level width 


*BCBCL 


tCYK-IO 




tCYK-10 




tCYK-10 




ns 




*BCBCH 


(n+1)t CYK -10 




(n+1)t C YK-10 




(n+1)t CY K-10 






BCYST high-level width 


ns 


Address delay from CLKOUT 4 


*DKA 


5 


45 


5 


45 


5 


40 


ns 


Control 2 delay from CLKOUT 
(Control 2 = MWR, IOWR in 
DMA cycles) 


*DKCT2 


5 


45 


5 


45 


5 


40 


ns 


Status delay from CLKOUT I 


*DKST 


5 


45 


5 


45 


5 


40 


ns 


Data float delay from CLKOUT t 


*FK 





40 





35 





30 


ns 


DSTB I delay from CLKOUT I 


tDKDS 


5 


45 


5 


45 


5 


40 


ns 


DSTB low-level width 


tDSDSL 


(n+1)t CY K-10 




(n+1)t CYK -10 




(n+1)t CY K-10 




ns 


DSTB high-level width 


*DSDSH 


0.5t CY K - 10 




0.5t C YK-1° 




0.5t C YK- 10 




ns 


CLKOUT to IOWR delay 


tDKIW 





45 





45 





40 


ns 


CLKOUT to ISRD delay 


tDKIR 





45 





45 





40 


ns 


CLKOUT to MRD delay 


*DKMR 





45 





45 





40 


ns 


CLKOUT to MWR delay 


*DKMW 





45 





45 





40 


ns 


CLKOUT t to DSTB t 


*DKDSH 


5 


45 


5 


45 


5 


40 


ns 


Address/status output delay to 
DSTB 1 


tDADSL 


0'5tCYK-1 5 




0.5t CY K-15 




0.5t C YK- 15 




ns 


Address/status hold time from 


*HDSHA 


0.5t CY K-15 




0.5t C YK- 15 




0.5t CYK -15 




ns 


DSTB t 




Data output delay from DSTB t 


*DDSHD 


0.5t CY K-15 




0.5t C YK-15 




0.5t CYK -15 




ns 


Data output delay from address/ 
status output 


*DAD 


0.5t CYK -15 




0.5t C YK-15 




0.5tcYK" 15 




ns 


Data output delay from 
CLKOUT t 


*DKD 


5 


45 


5 


45 


5 


40 


ns 


Data setup time to CLKOUT 4 


*SDK 


10 




10 




10 




ns 


Data hold time from CLKOUT 1 


tHKD 


7 




7 




7 




ns 


Data hold time from DSTB high 


tHDSD 

















ns 


Data hold time from change 
point of address or status 


*HASD 

















ns 



NEC 
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AC Characteristics (cont) 




Symbol 




Maximum CPU Clock Frequency 








10 MHz 


12.5 MHz 


16 MHz 






Parameter 


Min 


Max Min 


Max Min 


Max 


Unit 


Data hold time from R/W t 


*HRWD 













ns 




*SRYK 


10 


10 


7 






READY setup time to CLKOUT t 


ns 


READY hold time from 
CLKOUT t 


*HKRY 


20 


20 


15 




ns 


Bus Sizing (figures 13, 14) 


BS8/BS16 setup time to 
CLKOUT t 


*SBSK 


10 


10 


7 




ns 


BS8/BS16 hold time 
from CLKOUT t 


tHKBS 


15 


15 


10 




ns 


Bus Hold (figure 17) 


HLDRQ setup time to 
CLKOUT t 


tSHQK 


10 


10 


7 




ns 


HLDRQ hold time from 
CLKOUT T 


l HKHQ 


20 


20 


15 




ns 


CLKOUT t to HLDAK delay 


*DKHA 


5 


45 5 


45 5 


40 


ns 


Output tristate to HLDAK delay 


l DFHA 


0.5t CY K-15 


0-StcY'K - 1 5 


0-5t C YK-15 




ns 


Input Setup and Hold (figure 


15) 












NMI, INTP0-INTP7, CPBUSY 
setup time to CLKOUT 1 


tSIK 


15 


15 


10 




ns 


NMI, INTP0-INTP7, CPBUSY 
holdtime from CLKOUT 1 


twcr 


15 


15 


10 




ns 


Timer/Counter Unit, TCU (figure 20) 


TCTL0-TCTL2 setup time to 
CLKOUT i 


tSGK 


50 


50 


50 




ns 


TCTL0-TCTL2 hold time from 
CLKOUT i 


tHKG 


100 


100 


100 




ns 


TCTL0-TCTL2 low-level width 


*GGL 


50 


50 


50 




ns 


TCTL0-TCTL2 high-level width 


tGGH 


50 


50 


50 




ns 


TOUT0-TOUT2 output delay 
from CLKOUT i 


*DKTO 




100 


100 


100 


ns 


TCLK period 


*CYTK 


100 


100 


100 




ns 


TCLK rise time 


t"TKR 




15 


15 


15 


ns 


TCLK fall time 


*TKF 




15 


15 


15 


ns 


TCLK low-level width 


tTKTKL 


45 


45 


45 




ns 


TCLK high-level width 


l TKTKH 


30 


30 


30 




ns 


TCTL0-TCTL2 setup time to 
TCLKt 


*SGTK 


50 


50 


50 




ns 


TCTL0-TCTL2 hold time from 
TCLK t 


tHKTG 


100 


100 


100 




ns 


TOUT0-TOUT2 output delay 
from TCLK i 


tDTKTO 




100 


100 


100 


ns 


TOUT0-TOUT2 output delay 
from TCTL0-TCTL2 i 


tDGTO 




100 


100 


100 


ns 
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AC Characteristics (cont) 



Maximum CPU Clock Frequency 



10 MHz 



12.5 MHz 



16 MHz 



Parameter 


Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Unit 


Serial Control Unit, SCU (figure 21) 


RxD setup time to SCU internal 
clock 1 


tSRX 


1 




1 




1 




ns 


RxD hold time to SCU internal 
clock 1 


*HRX 


1 




1 




1 




ns 


TOUT1 t to TxD delay 


*DTX 




500 




500 




500 


ns 


Direct Memory Access, DMA (figures 23-26) 


CLKOUT i to MRD, IORD T 
delay 


*DKRH 





45 





45 





40 


ns 


CLKOUT i to MRD, IORD i 
delay 


l DKRL 





45 





45 





40 - 


ns 


CLKOUT t to DMAAK0-DMAAK3 
delay 


tDKHDA 





45 





45 





40 


ns 


iORD, IOWR 1 delay from 
DMAAK0-DMAAK3 1 


*DDARW 


0.5t CY K-15 




0.5t C YK ~ 15 




°'5tcYK~15 




ns 


DMAAK0-DMAAK3 t delay from 
lORD.t 


tDRHDAH 


0.5t CY K - 15 




°5tcYK-1 5 




0.5t CYK -15 




ns 


CLKOUT to control 1 delay 
(Control 1 = BUFEN, INTAK, 
REFRQ) 


*DKCT1 





45 





45 





40 


rts 


IORD T delay to iOWR T 


tDWHRH 


5 


45 


5 


45 


5 


40 


ns 


TC output delay from CLKOUT t 


*DKTCL 


° 


45 





45 





40 


ns 


TCoff output delay from 
CLKOUT t 


t D KTCF 





45 





45 





• 40 


• ns 


TC pullup delay from CLKOUT t 


*DKTCH 





45 





45 





40 


ns 


TC low-level width 


trCTCL 


tcYK-20 




tcYK-20 




tcYK-15 




ns 


END setup time to CLKOUT t 


tSEDK 


35 




35 




35 




ns 


END low-level width 


tEDEDL 


100 




100 




100 




ns 


IORD, MRD low-level width 


l RR 


2t CYK -45 




2t CY K - 45 




2t C YK-40 




ns 


IOWR, MWR low-level width 
(expanded write) 


%W1 


2t CY K-45 




2t CY K " 45 




2t C YK-40 




ns 


IOWR, MWR low-level width 
(normal write) 


*WW2 


2t CY K-45 




2t C YK - 45 




2t CY K-40 




ns 


DMARQ0-DMARQ3 setup time 
to CLKOUT f 


tSDQK 


20 




20 




15 




ns 


CLKOUT * to DMAAK0-DMAAK3 
delay 


^DKLDA 





45 





45 





40 


ns 


Interrupt Control Unit, ICU (figure 27) 


INTP0-INTP7 low-level width 


tlPIPL 


100 




100 




100 




ns 



SEC 
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